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(57) Abstract 

Tbe inesent inveotian pxovides a method of foaning a medical device and mcdicsd devices wfcidi can be fen ced m acc ca dmce wifli 
die method, in of» embodinient, die method ioclodes tbe siqis oe a) providing a metal tafaric famMd of a |dmd iqf tt a^ 
a metal which can be heat treated to substantially set a desired 8h^ b) defomiiQg de melal fiabric to 8eo»a Uy cwfa m to a smftce cf 
a moMing element; c) beat treating tte metal fabric in contact widi the sin&ce of die mcdding dement to stdutantial^ set the sliape of 
die febric in its defoxmed state; and d) removing the metal fabric from contact widi the molding element The tesolting metal &bric will 
define a medical device whidi can be ooUa^ised for passage dsou^ a cadieter or die like fcff d^loymem m a diannel of a padem's body. 
Mff^ fffll 5fr"i fff f mfrf** ff* a^'d an oi witti di« in onc embodiment, die medical de^ (250) is carried 

tw a guidewfae (260) and has a metal fiabric (270) extmdmg between first and second ends (272, 27^, one end (27^ of die device (250) 
bemg adspied to slide alcmg die gnidewire (260). The metal fabric (270) has a collapsed configuration in which die ends (272, 274) of die 
metal fihiic (27Q) are spaced &om one anodier along die guidewire (260) and a preset expanded configuration in whidi die ends ( 272, 2 7^ 
of ds metal febric (270) are positioned closer to one anodier. Ibe metal fabric (270) wiU cause die device (250) to daatticall^ 
resume Its preset expanded c unfi g u iation when released from confinrment widiin a channel in a padent*s body. 
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METHOD OF FORMING MEDICAL DEVICES: 
INTRAVASqpLAl^ OCCWSXQW PgVICES 

yrpr;p ofthbinybwhow 

Tbe presmt invention gemal^ v^tes to intxavascular dsvices for treating 
oeitain medical conditions and, moiB paitiCTibiTiy, provides a method of fbnning 
intrava^nilar devices and oeitain novd intravascular occlusion devices. The devices 
made in accordance with the invention aie paiticulaily well suited for delivery dnougfa 
a cath^ or the like to a remote location in a patient's vascular system or in 
analogous vessels widun a pati^*s body. 

BACKGROUND OF THE INVENTION 

A wide variety of mtiavascular devices aie used in various medical procedures. 
Ceitain intravascular devices, sudi as cathetrais and guidewiies, aie generally used 
shnply to ddiver fluids or other medical devices to cpedfic locations within a patient's 
body, sndi as a sdective site within the vascular system. Other, fiequeoHy more 
oonqilex, devices are used in treating specific oooditioos, such as devices used in 
removing vascular occhisions or for treating septal defects and the like. 

In oeitain carcumstanoes, it may be neoessaiy tt> oodude a patient's vessel, such 
as to stop idood flow through an aiteiy to a tumor or oflier ierion. Presently, this is 
commonly aoocHnplished anq>ly by hisntiiig, e.g. Ivalon paitides, a trade name for 
vascular oodmdon paitid^, and shoit sections of cml springs into a vessel at a desired 
location. These "embolization agents* will evoitually become kidged in the vessd, 
frequently floating downstream of the she at which tiiey are released before blodmig 
thevesseL In pait due to the inabilhy to precisely poddon die enibolization 
thiR proceduie is often Bmitgd in its uiiliQf. 

Detachable balloon catheters are also used to block patients* vessels. When 
using such a catlMer, an eaqandable balloon is earned on a distal end of a caOel^. 
What the catheter is gmded to the desired location, the balloon is filled with a fluid 
untQ h substantially fills the vessel and becomes lodged therrin. Resins which will 
harden inside the balloon, such as an aciyionitrile, can be employed to pennanendy fix 
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the size and sh^ of the balloon. The balloon can then be detached from the end of 
the cath^r and left in place. 

Sodi balloon embolizations aie also prone to cenain saf<^ problems, though. 
For exanqde, if die ballocm.is not filled enough, it will not be finnly fixed in tiie 
5 vessel and may drift downstream wittiin the vessel to another location, mucb like the 
loose embolization agents above. In order to avoid this problem, physidans may 
oveifill tte balloons; it is not unccnnmon for balloons to nature and lelease the resin 
into the patient's bloodstream. 

In still odier procedures, it may not be necessary to pennanendy occlude a 

10 vessel, tnit it may be neo^saxy to provide a filt^ or the like to prevent thrombi from 
passing a patticular locatum. For eacample, lotatiii^ bum are used in removing 
atheroma from die Inmen of patients' blood vessds. These buns can dfectivdy 
dislodge tbe athraoma, but the dislodged mat^ial will simply float downstream with 
the flow of blood through the vessel unless stqis are taken to cqmue the materiaL 

15 Some researchers have pxqx>5ed various xxdps or filters for capturing the 

paiticulate matter ideased or created in sudi prooednres. However, such filters 
generally have not inoven to be exceptionally effective in actual use. Such filters toid 
to be cumbersome to use and accurate dq>loym^ is problematic because if they are 
not properiy seated in the vessel they can drift to a more distal ate where they are 

20 likely to do more faann thaa good, in addition, th^ filters are goierally csqsable of 
only trapping ndatively large tfmmibi and are not effective means for removing smaller 
embolic paitides firom die blood stream. 

Hie praiilans widi teoaporaiy filters, which are intgaf fff^i to be used only duriqg 
a particular procedure then retracted with the thrombi trsQiped thcaem, are more 

25 pnmonnced. Bvenif the trq> does efibcdvely capture the cfislodgedm 

piovCT to be.ieiadvdy difficult or conqilex to retract the tap back into die cathet^ 
through which it was defivered widunit sintply dunqmig the trqiped thrombi back into 
the blood stream, defieating tbo purpose of the tenqxiiaiy filter device. Fortius 
reason, most atliaectomy (fevioes and the like tend to aspirate the patirat's blood 

30 during the procedure to remove the dislodged material entrained dierein. 

Mechanical raibolization devices, filters and trqys have been proposed in the 


past. Even if some of those devices have proven effective, they tend to be rather 


WOW/01591 FCT/US95A)8613 

"3- 

expensive and dme-consiiinnig to mannfactuie. For example, some imiavascular blood 
filters suggested by others axe ftnrned of a phualily of specially-shaped legs which axe 
adapted to fill the vessd and dig into the vessel walls. In making most such filters, 
the legs mnst be individiially fimned and then pamstakuigly attached to one another, 
5 fieqnently eatirdy 1^ hand, to assemble the final fiber. Not only does this take 
^ gntfjwmt skilled maqxywer, and henoe increase the costs of aicfa devices, the fact 
that each item must be made band tends to make quality control moie difficiilL 
Has f ffliwf- difficulty and eaqiense of mannfactmiig is not limited to such fibers, but is 
esqierienced in many odier intravascular devices as wdl. 

10 AcoonOi^y, it would be desisaUe to provide a mediod for fanning devices for 

deployment in a vessel in apatient's vessd wUdi is bodi economical and yields 
con s istent, itpioducible results. It wouU also be advantageous to provide a reliable 
embolization device wUdi is both easy to dq)loy and can be accurately placed in a 
vessel. Fuithemiom, themisaneedintheartforatrBporfiltBrwhidicanbe 

IS deployed widm a vessel for opuring thrombi, winch txqi can be reliably deployed; if 
tlxe trap is to be used only tempoianly, it should be readily withdrawn fiom the patient 
without waply Humping the trapped tltrombi back into die blood stxeam. 

su^fMMYOF^HPINVE^^^oy 

Ihe present invention provides a method for foroiing intravascular devices from 
20 a resilient metal fabric and medical devices whidi can be fonned in accoidanoe with 
this method. In ttie m^hod of the invention, a mdal fabric fonned of a plurality of 
lesiliem strands is provided, with die wires being fonned of a resiliem material which 
can be heat treated to substantially set a desired shape. lUs faimc is th^ defonned to 
generally confonn to a molding surface of a molding dIemaA and tlie fabric is heat 
25 treated in contact with die suiface of the molding element at an devaled temperature. 
The time and temperature of the heat treatment is sdected to substantially set the fiabric 
in its ddbnned state. After the lieat treatnieot, the fidiric is removed fnnn oontaa 
with the moldiDtg elenKnt and win substantially retain its shape in flie defonned state. 
The ftbric so treated defines an esqnnded state of a medical device whidi can be 
30 dq)ioyed through a catheter into a diamiel in a patient's body. 

In accordance whh the method of the invention, a distal end of a catheter can 
be positioned in a channel in a patient's body to position the distal eod of the catheter 


W09M1591 


PCiyUS9S^]3 


-4- 

ad j a c en t a tieatment sife fin* tieatiqg a physiological condition. A medical device made 
in accordance with the process outlined above can be coliqised and inserted into the 
lumeo of the catheter, llie device is mged throu^ the catheter and out the distal end, 
whereupon it will tend to letom to its eiqanded state atgaoeot die treatment site. 
5 Fmdier embodiments of the present invention also provide specific medical 

devices wUchnuiy be made in aoxndanoe with tiieprBseiitinivn^^ Such devices of 
the invention are fanned of a m^ fabric and have an eaqianded coofiigurBtion and a 
ccdlqised oonfigmatian. The devices are ocdbpsed for dqiloyment ttroi^ a cadieter 
and, upon exitiiv the distal end of the catheter in a patient's diannel, will resilieotly 

10 snhstantiBBy retmn to their expanded configmation. In acpcnidance widi a first of tbese 
embodiments, a geneialb^ dongate medteal device has a generally tiibular middle 
portion and a pair of e xpanded diameter portions, with cme eaqianded dianiettt' portion 
positioned at riflier end of the middle portion. In anodier embodiment, the medical 
device is generally bell-sfaqped, having an elongate body having a tapered jSrst md and 

IS a larger second end, the second end presenting a £dmc disc which will be oiioited 
generally peipendicnlar to an axis of a channel when deployed tfamin. 

BRIEP DBSCRIFnON OF THE DRAWINGS 
Figures 1 A and IB each dqrict a m^ fabric suhable for use with the 
invention; 

20 Figures 2A and 2B are a side view and a perspective view, reflectively, of a 

mcddiilg element and a lei^ of a metal fiibric suitable for use in forming a medical 
device in accordance with tiie mvention. Hie mold being in a disassembled state; 

Rgure 3A is a perspective view showing the molding demrat and metal fabric 
of Rgure 2 ha a partially assranbled state; 
25 Figure 3B is a Giose-q> view of file ii^hlighted area of Fig^ 

oonqnession of the metal fabric in Ae molding element; 

Wgaso 4 is a cross-sectioaal view showing the molding einnent and metal 
fibric of Figure 2 in an assonbled state; 

Figures 5A and SB are a side view and an end view, respectively, of a m^ cai 
30 device in accordance whh the mvention; 
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Fiigiixes 6A-6C aie a side view, an end view and a peispocdve view, 
lespecdvely, of a medical device in aocoidanoe with anotiier embodiment of the 
invention; 

Flgme 7 is a side, cioss sectkmat view of a moldmg element suitaUe for 
5 ionniqg flie medical device diown in Figures 6A-6C; 

Ilgnie 8 is a iQustxation showing the device of Hguxes 6A-6C 

dqdoyed in a cliannd of a patient's vascular system to oodude a Patent Doctns 
AiteriosDs; 

Figures 9A and 9B aie a side view and an end view, le^sectively, of a medical 
10 device in aopoidance with yet anodier onbodinient of the invention; 

Figure IQA is a side view of one molding elemem suitable for fbnning the 
invention of Rguies 9A and 9B; 

Figuie lOOB is a ooss-sectional view of another molding element suitable for 
fonniQg the invention of Rguies 9A and 9B; 
IS Figure IOC is a cross-sectional view of still another molding element suitable 

for f oiming the invention of Flgoies 9 A and 9B; 

FIguie llA is a schematic ade view of yet anotiier medfeal device made in 
aocoidanoe with the invention diowiog die device in a coOqised state for dq>loymem 
in a patient's vascular system; 
20 I^gum 1 IB is a schematic side view of ttieniedical device of Figuie llA in an 

eqnnded state for deployment in a patient's vascular system; 

F^gnie 12A is a sdiematic side view of an altmative onbpdimeot of the 
invention of i^guie llA showing the device in a ocdlqised state within a catiieter for 
dqdcqfment; 

25 Figme 12B is a sdiematic ade view of the device of Kgme 12A showiiig the 

cfevice dqiloyed distally of the catiteter, 

Rgme 13 is a schematic p e ispec ti ve view showing a mecBcal device in 

aocoidance with yet a further embodiment of the invention collapsed wittnn a catiieter 

for dqiloyment in a diannel in a patient's body; 
30 Kguie 14 is a schematic side view of the device of Figure 13 in a partially 

deployed state; and 
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FiguiB 15 is a schematic side view of the device of Figure 13 in a fuUy 
dq>]oyed state. 

PgrAn.W> T>RSn?TPTrON op THR PPlgPERBRn VMunrax^Tj^ 
llie present inveiiiion piovides a nfpiDdoca^ 
fbn.ii?g devices to use in «aBdn«Is in paiieffls- 
unnaiy tiacis, blliaiy ducts and the lite, as weU as de^ 
that metl«L in ftanring a medical device via the meO^ 
ftbriclO is provided. Ttefiflaicisfan«dtrfai*MHtyof^st«andshavii«a 
IHedetenninedidative orientation between the st.«^^ figures lA and IB iUustate 

two exainples of metal fitaics which are snitaWe for use in the 

invemicm. 


In the fitfnic of 1 A. the metal stiands define two sets of essentiaB 
puanei generally helical stiands. with the stiands of one s« 
direction of n«ation, opposhe tfutt of the other se^^ 

fidnic.taownintheMricindDst,yasatutalarhiaid. Such tutwlar bnids are well 
tenm in the «Hic aits and find some awlicatio^ 

tubuhn- fitoics. such as in reiafimdng the wan of a guiding c«^ 
MB wen known, they need not be discussed at length here. 

llie phd, of the wire stiands e.e. the angte defined between the tuin^ 
wne and the a»s of the hndcO and the pidc of the fame (i.e. the number of ^ 
«n*leogth) may be «lj«stcd as desired for a particular aro For example, if 

the medical device to be fonned is to be used to oodude the dumnel in which it is 
laaced, the pitch ami piA of the iSrtHic win tend to be Mgh^ than i^^ 
sin^jiy intended to fater bodfly fluid pasdng ttereflBon^ 

Rir exami*. in nalqg a tnbuhn- btaid such as that Aown in Rgure 1 A to fom 
a device such as that iU«ste«ed in Kgmes 5A m«l 5B, a tnbohir hmid of a^ 

in diameter with a pitch of abo« 50- and a pick of about 74 (per linear im*) would 

seem suitable for a devices used in occluding chamris on the Older of about 2 mm to 
diameter, as deculedbdow in comK«ion with fl^ 

30 FiguTK 5A and 5B. 


I 
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Figuie IB iDustrates another type of ftbric which is suitable for use in the 
method of the invention. This iiabric is a moie conventional fabric and may take the 
fonn of a flat woven sheet, knitted sheet or the like. In tiie woven fabric diown in 
Figure IB, there aie also two sets 14 and 14* of genemlty paiaM strands, wib one set 
5 of strands beipg oriented at an an^, e.g. geoerally petpendicular Qaviqg a pick of 
about W), wiOi reject to the other set. As noted above, the phch and pidc of this 
febnc (or, in tfie case of a knit fidnic, Ae pidc and the pattern of tlie kit, e.g. Jersey 
or double knits) may be selected to opthiiize die defied propeities of ttie final medical 
^vice. 

10 The wiie strands of the metal fabric tised in ttie present method should be 

fonned of a mairaial which is bodi resilieiit and can be heat treated to substantiaUy set 
a desiied shqie. Materials wMdi aie believed to be suitable for this pmpose include a 
cobah*based low thermal eqiansian alloy lefened to in the field as Elgiioy, nickel- 
based hi^*tenq)ecBtuie liigli-strengtb "superalioys** commeidally available from 

15 Haynes Int^nalional under the trade name Hastelloy, mckel-based heat treatable alloys 
sold under the name Incoloy by International IQdcd, and a number of different grades 
of g>ainii>g< steel. Tte important factor in dioosing a suitable material for tte wires is 
diat ttie wires retain a suitable amount of the defonnation induced by the molding 
surface (as described bdow) whoi subjected to a predetennined heat treatment. 

20 One dass of materials which meet these qualificaricms are so-called shqie 

memory alloys. Such alloys tend to have a temperature induced phase chaqge whidi 
will cause the matraial to have a pre fer r e d oonCigurBtion whidi can be fbnd by heathy 
the wiatgriai above a certain transition lempeiatDre to induce a change in the phase of 
tiie material. When the alloy is cooled back down, the alloy will "ronember^ the 

25 sluQ)e it was in durir^ die heat treatment and win tend to assume that configuration 
unless constrained from so doing. 

One paiticulariy pr e fer red shsqie memory alloy for use in Oe present method is 
nitinol, an approxim ate^ stmchiometric alloy of nickel and titanium, which may also 
indude other minor amounts of other metals to achieve desired properties. Nfll alloys 

30 sudi as nidnol, includir^ qiprqpriate compositions and handling requirements, are well 
known in the art and such alloys need not be discussed in detail here. For exanq>le, 
U.S. Patents 5,067,489 (lind) and 4,991,602 (Amplatz et al.), the teachings of which 
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are incoipofated herein by leference. discuss the use of shape waaory NiTi alloys in 
fuidewiies. Such NiTi alloys are pidenwl, at least in part, bec^ 
ocmumaclany awallahte and more is known abo^ 

known shape meooiy alloys. NTl? atoys are also vwy elastic - they are said to be 
•supeidastic- or-pswioeiastic-. This ehsticitywill help a device of the mvemion 
retam to a present expanded ocmngunuion for Aspkrymmr^ 

The wire stiands can compriae a atandaitf moiMfflainent of the selected 
iiialeiial.Le. a smndaid wire stock may be used. If so desired, though, flie individual 

wire strands may be fonned from -cables- made up of a pteniiiy of indivi*^ 

Rir e«n5»le, cables fonned of metal wires where sn«^ 

about a cental wire are commereially available and NiTi cables haviqg an outer 

diameter of 0.003 inches or less can be puichased. One advantage of ceitain cables is 

that thqr tend to be -solter- than monofilament wires havii« d» 

iwmedofthe samemateiial. AdditionaBy. if fl» device being fbimed from the wire 

sttamis is to he used to occhide a vessel, the use of a caUe can hoease the effiah^ 

soifece aiea of die wire strand, which wiD tend to piomote thrombosis. 

^ iwsantioo of fannmg a medical device in keqring with the invention, an 

aniipptiatdy sized pieoe of the metal fitoic & 

which is fanned, ior example, by braiding whe strands to foim a long tubular braid. 
The dimensions of the piece of fidnic to be cut will depend, in ta^ 
size and shape of the medical devfce to be ftinned therefiom. 

When cuttfa« the fiOHic to the desired dhnensions. a« shouM be to^ 
ensure that the fihiic Witt not unravel, la the case of tubular braids foimed of NiTi 
altoys. for exanvle, the individBal wire sttands *dn tend to retuin to the^ 
configuration mdess constrained. If the braid is heat treated to set the strands m the 
braided configmation, thqr wiU tend to remam m the braided ibim and oidy th^ 
win become fiayed. However, it may be more economical to sfanply fonn the braid 
without heat treatmg the braid smce the fiibric Witt be heat treated ap^ 
medical device, as noted below. 

In such mitreated NITi fabrics, the strands wiU tend to retam to Aeir mibraided 
configuration and the braid can unravel fairiy quickly unless the ends of the length of 
braid cut to form the device are consuained relative to one another. Onemethod 
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whicii has piovm to be useful to pievait the braid from umavding is to damp the 
braid at two locations and cut the braid to leave a length of die braid having damps 
(15 in Figuie 2) at either end, thoefay effectively definiqg an anpty space within a 
sealed leogdi of fabric. These danqis IS will bold the ends of the cut braid tcig^faer 
5 and pieveut Ab braid fnnn umavelipg. 

Alteniativety, one can solder, braze, weld or oflmwise affix the ends of the 
desiied kngdi together (e.g. with a Uocoaspatible ceimailiiious organic matmaQ 
before catting the braid. AUmigli soldering and brazing of NTIl alloys has proven to 
be fiuriy diEBcult, die ends can be wdded together, sudi as by spot welding with a 

10 laser wdder. 

The same profalenis present themselves when a flat sheet of fifaric such as the 
woven fabric diown in I^gme IB is used. WiOi such a &faiic, the fibric can be 
inverted upon itself to finm a leoess ordepxession and the fabric can be danqied about 
tUs recess to fonn an enqi^ pociDBt (not sdiown) before If it is 

IS desiied to keep the fidmc in a geoaaOy flat ccmfiguratio&, it may be necessary to wdd 
the junctions of the strands togedier aigacrat the penpbsry of the deriied piece of 
fidmc before tliat piece is cut finmi the larger sheet. So comiecting the ends of the 
strands together will ptevent fabrics fanned of untreated shqse memory alloys and the 
like from unravding duriqg tiie formiiig process. 

20 Once an appippriatdy rized friece of the metal fabric is obtained, die ^ric is 

defonned to generally conform to a surface of a molding draient. As wiU be 
predated more fully fnun the discussion below in connection with Figures 2-16, so 
defbrmine tlie £ibric will reori^ the relative positions of the strands of the metal 
fabric fhmi their initial oider to a second, reoriented configuxation. The ^tsapc of the 

25 molding dement should be sdected to defonn the fiibric into substantially the shq)e of 
fhe dedxed medical device. 

The mcddiiig dmient can be a angle piece, or it can be formed of a series of 
mold jrieces which together define the surface to whidi the fifaiic will generally 
oonfonn. The moldmg elCTient can be positioned widiin a space enclosed by the fihric 

30 or can be external of sudi a space, or can even be both in^de and outside such a 
space. 
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Id Older to Olustiate one exaniple of how such a mold may be configured and 
tew k ma, te used in acooriance with tbe method of tte 

liadtoKgttiBs2-5. InFiguiBs2^,themoldii»geh9iiem20isfonnedafamimberof 

sqaiate pie(» wUch can be attached to one anotto 

20. toiiaagsnchamoltiiHecemiMigetemenLthemi^ 

cm length of fitaic JO, theiejqr defanning the f*^ 

desiied smftce (or smftces) of die moUnig demoit 

In the mddiiig etement iltastated in FiguiBs 2-4, the ^ 
defbnned to generally confom to a smfiu* of ttes m^ 
dememcon^prisdng a center section 30 ami a pair of end Itaring first to 

the center section 30. the center section is desirably Ibmied of qnmsed hahes 32, 32 
wKch can be moved away from one another in Older to intnKto 
intothemol± Although these two hah^ 32, 32 aie dwwn in the d««rii«^ 
completdy separated from one another, ft is to be midenaood that t^ 
beinluujiiuected,suchasbymeansofahingeorthelikB,ifsodesned. Ilieapposed 

halves of the mcddn^ etemem 20 shown in the dnwh^s of Kgmes 2 and 3 e^ 
indude a pair of semiHdicuhu- recesses qp^ 

geneiaDysemi^iicubropenmg. When the two halves aie assembled m forming the 

device, as best seen in HgniB 3, the semi-dicuUir openm^ 

32 mate to define a geneiaDy dicnhff forming port 36 passii« thiou^ 

KCtionSO. ««naariy. the semi<iic«hff recesses m the two halves toge^ 

of generaUy drcubr central recesses 34. wifli one such recess beh« dispo^ 
fice of tie cemer section. 

•Die owaan shape and dnnensions of the center section can be varied as desired; 
it is gcncrany the size of the central recesses 34 and the forming port 36 wUcli wm 
define tfaesizeandsaiapeofthemiddteofthefinfaaieddevice,aso^^ If 
so desired, each half 32 may be provided with a mamanygra^projecti^ In 

the embodimem shown in the diawii^s. this pn»jection 38 is provided at a locatro 
disposed away from the abutting feces of the respective halves. Such a mamially 
giaspable projection 38 will simply enable an operator to more easfly join ttes two 
halves to define the recesses 34 and fonniKg port 36. 
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The center section is adapted to coqioatively eagage a pair of end plates 40 for 
fonning the desired device. In tiie embodiment shown in Kgitres 2 and 3, the center 
section 30 has a pair of flat outer flEices 39 wUdi are eadi ddaptei to be engaged by an 
inner &oe 42 of one of tfie two end plates 40. Each end plate inchides a cooqnesaon 

S 4ij<dr ^ nr frtrfi wttemk gengtaily laterally inwanfly fhm the inner face 42 of die end 
plaie. This fffFiffpq««"" diidr 44 sboald be sazed to pennit it to he reodved within one 
of the central recesses 34 on eite face of the center section 30. Forxeasons 
w piawtftH more folly below, each compression disk 44 indndes a cavity 46 for 
recdving an end of the leogdi of tlxe fabric 10. 

10 One or more diaimels 48 for receiving bolts and tte like may also be provided 

through eadi of the end plates and tiircni^ the center rection 30. By passing bolts 
throng these channels 48, one can assemble the moldmg dement 20 and retain the 
mettl fabric in tte desaied sbqie during the heat txeatmoit process, as ratlined below. 
In udliziog the molding element 20 shown in Figures 2-4, a lex^ of the m^ 

15 fabric 10 can be petitioned between die opposed lialves 32 of the center section 30. In 
the drawings of the moiUing dement 20 of Fignres 2-4, the metal fabric 10 is a tubular 
braid sodi as that iUostnted in Rgore 1 A. A suffident length of the tubular braid 
should be provided to pennit tiie falnic to confonn to tlie molding surface, as 
explained bdow. Also, as noted above, care should be taken to secure the mis of the 

20 wire strands Arfiniiy the tubular hraid in order to prevent the metal fabric fnm 
unravdiiig. 

A central poition of the length of die metd braid may be jx>ritioned 
of the two halves of the fonning poit 36 and the opposed halves 32 of die cen te r 
section may be joined to abut one a!*o^fc^ to restrain a central poition of die metal 
25 braid witlun the centnd fonning |xm 36 thiDiigli the oem^ 

The tubular braid wiU tend to have a natural, relaxed diameter which is 
defined, in large pan, when the tubular braid is formed. Unless the mbular braid is 
otherwise defonned, when the wire strands are in their rdaxed state diey will tend to 
define a generally hollow tube having the predetennined diameter. The outer diameter 
30 of the idaxed braid may be, for example, about 4 nun. The relative size of the 
forming port 36 in the central section 30 of the molding dement and the natural. 
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idaxed aitar diameter Of tiie tubular hiaid may be vai^ 
desired sibape of the medical device being fonned. 

In the CTbodimett shown in Figuits 2 and 3, tlie immr dumeier of tbe f(m^ 
pott 36 is optimaUy sli^ Iks than Ob natinal. idaxed cute 
braid 10. Benoe, when die two halves 32,32 aie assembled to foimtiie center sectioa 
30, the tubular braki 10 wffl be diehtlyconqnessedwithm the fon^ TOs 
win he^ CTSure that the tubular braid confonns to tte imter saiface rf 
port 36, whidi defines a poitiou of die moldbig suifius of tiie moUipg dement 20. 

If so desired, a geneniUy cylhidfical interaal m(adh?g section (not show 
also be provided. Ibis internal molding sectioo has a sUslitly smaller diameter than 
the iuner diameter of the fwming port 36. In use, the imnnal moIdii« section is 
placed witfam the length of the metal frinic, such as by manually moving the wire 
strands of the fabric apaa to fbim an opening through wfaidi die internal molding 
section can be passed. Ibis internal molding secti(m should be postdoned within the 
tubular biaid at a location where k wiU be di^xjsed widm dus fbnnu^ 
center section when die molding dement is assembled. ITiere shouM be a sufficient 
9ice between die outer smfitce of die inteiior molding section and die inner sui£ice of 

die foiming pott 36 to penout die wire stiands of die fdnu 10 to be recover 
t h e id iet w i e e u .' 

By ush« aich an imanal moldfaig section, die dhnensions of die cemn^ 

of die finished medical device can be fiuriy accurately contiDiled. Sudi an internal 

molding section may be nectssaiy in dreumstanoes where die natinal, rehxed outer 

diameter of die tuhuhff hnrid 10 is less dan die imier diameter of die fonning 

to ensure dBt die biaidconfoims to die inner surface of datfonnins pott. However, 

it is not bdieved diat such an intonal moldiis section would be necessary if die 

natural, rdaxed outer diameter of die biaid were laiger dian die inner diameter of dus 
foniiiiigport36. 

As noted above, die ends of die tubuhff braid should be secured in onfer to 
prevent die braid from unravding. Each end of die metal iabiic 10 is desiiaUy 
received widiin a cavity 46 fonned in one of die two end plates 40. If a damp (15 in 
Figure 2) is used, die clamp may be sized to be relatively snugly recdved widun one 
of diese cavities 46 in (Mdwtoeffertiw^ 
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40. The end plaies can then be urged toward the center section 30 and toward one 
another imta the compiession disk 44 of each end plate is received wittdn a oeotial 
lecess 34 of the center section 30. The inoldnig element noiay dieo be danqsed in 
poation by paggt^ bolts or die like tfaroo^ the channels 48 in the mcddiqg etemcait 

5 and kKkiiig the various c omponents of flie mddnig element tpgettier by tigfatanng a 
not down onto sudi a bolt (not shown). 

As best seen in Rgme 3A, when an end plate is mged toward the center secdon 
30, tUs win r^?"Tw«« tte tubular bxaid 10 genoally along its axis. When the tubular 
biaid is in its xdaxed configuration, as iOustraled in Figure lA, the wire strands 

10 forming the tiibular braid will have a first, pred^ermined relative orientation with 
respect to one anctiier. As die tubular braid is compressed along its axis, the fabric 
win teiKi to flaie out away fiom the axis, as iUustrated in Rgure 4. When the £ahric is 
so defonned, the relative orientation of the wire strands of the metal &bric wiU 
change. When the mcddiiKg elment is finally assembled, the metal fabric win 

15 genenUy o unfoim to die molding surfiioe of this draient. 

In the moldir^ dement 20 shown in Figures 2-4, the molding surface is defined 
by the inner surface of die forming port, the inner sorfaoes of the central recess 34 and 
die faces of tiie conqnession didcs 44 wUch are received within the recess If an 
internal molding secdon is used, the cylindrical outer sur&ce of (faat secdon may also 

20 be considered a part of the moldb% surface of the nudding element 20. Aocoidingly, 
when the molding element 20 is oonipletdy assonbled the rnetal ftbric wiU tmid to 

a somewiiat "dumbbdl'-shs^ied configuration, with a rdativdy naxiow. center 
section £qiosed between a pair of bulbous, perliqis even disk-shqied end sections, as 
best seen in Figure 4. 

2S It diould be understood that die qiedficshqie of the particular 

20 shown in Figures 2-4 is intended to produce one useful medical device in 
accordance with die present mettiod, but diat odier molding dements having different 
oonfigurations could also be used. If a more coniplex shqie is deared, the molifing 
eionem may have more parts, but if a simple shape is beiqg formed the molding 

30 element may have even fewer parts. The number of parts in a given molding elemrat 
and the shapes of those parts wiU be dictated ahnost entirely by the steqie of the 
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desiiod medical device as the molding element must define a moldmg surface to wUcb 
the metal fabric will generally confonn. 

Accoidingly, the i^jedfic molding elonent 20 shown in Figures 2-4 is sinqdy 
intended as oie tpedfic exanqile of a suitaUe moldmg element for fonning one 
paitkaiiaritsefiil medical device. Additional molding elements having different designs 
fta- pnxbdqg diffentt medical devices an explained below in connection with, e.g. , 
F^mesSandlO. Depending rathe desired di^ of the medical device behig 
formed, the shape and amfigniation of otter qjecific moMiie 
deri g ned by ttose of oidinaiy ddll m die ait. 

OiK» flie mcddiiig dement 20 is assembled wift tig metal fabric gcaaally 
coiifannii« ID a moMmg suifi« of that efcmcrt, die M(ric cm 
treatmem white it lemahis Bi coaaa with that lliis heat treatment 

won depend k laige pan iqitm die matiBial of 
faljric are faimed, but die time and tempOTture of the hea^ 
sdected to substantiafly set the firtiric in its delbimed 

strands are m thefr reoifcmBd rehtwe oonliguiatim and the fi*^ 
to the molding surface. 

Hk time and tempnature of the heat treatment can vaiy greatly a«p— ^ 
iqxm the material used in fonning tbe wire strands. As noted above, one prefened 
chBs of materials for forming the wire stands are shape memoiy alk^. with ^ 
nickel titanhnn alloy, being particularly preferred. If nituiolisused in makiiigthe 

wire strands of the fabric, the wire strands win tend to be veiy elastic when the metal 
is in its anstenitic phase; this veiy daslic phase is frequently refeiied to as a 
-superetostic- or -pseudoefastic" phase. By heating the nitinol above a certain phase 
25 tensitim temperature, the ciystal structure of the nitmoii^ 

phasecanbeset This wiD tend to "set- the Aape of the Ihhric and the relative 

omiiguntiQn of die wfae strands fa the positioiis m which they are held durii« t^ 
treatment 

Suitabk heat treatments of nitinol wire to set a desBBd shape are wen known m 
30 theart. SpiraDy wound nitinol coUs, fc)r example, are used m a number of medical 
appKcations. such asm forming tbe coOsconmionly carried around distal lengflis of 
guidewires. A wide body of knowledge exists for farinmg nitinol in such medical 
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devices, so theie is no need to go into gieat detail hoe on tiie paiameteis of a heat 
treatmoit for ttie nitinol fefazic pr^ierred for use in tiie present invention. 

Biiefly, though, it has been found that holding a oitinol ftfaric at about SOO*'C 
to about S50^C for apeiiod of about 1 to about 30 minutes, dependuig on the sofoiess 
5 harness of the device to be made, win tend to set die fabric in its defonned state, 

i.e. vhemn it conforms to die moldng surface of the molding dement. At lower 
tenqierataies the heat treatment time wiU teod to be greats (e.g. about one hour at 
about 350^C) and at higlter lemp er atm es the time wiU tend to be shoxter (e.g* about 30 
seconds at about 900''C). These param^ers can be varied as necessary to 

10 aocommodale variations in the exact composition of the nitinol, prior heat treatment of 
the nitinol, the desired pnqKities of the nitinol in the finished article, and other factors 
whidi win be well known to those skilled in tins field. 

Instead of relying on convection beating or the like, it is also known in the art 
to ai^ly an electrical curv^ to the nitinol to heat it. In tiie present invention, diis can 

IS be accomplished by, for exanq>le, hooking electrodes to the clanqys 15 carried at eitiier 
end of the metal fabric ilhistxated in Figure 2. The wire can then be lieated by 
lesisiance heating of the wires in oider to achieve tlie desired lieat treatment, which 
will tend to i^Htntnatft the need to heat the entire molding elemem to tlte desired i^ 
treating tenq>erature in order to heat the metal fabric to the desired temperature. 

20 After the heat treatment, the fabric is removed from contact, with the moldiog 

dement and will substantially retain its dapG in a defonned state. When the molding 
demeot 20 ilfaistrated in Figures 2-4 is used, the bolts (hot showiO may be removed 
and the various parts of the molding element may be disassembled in essentially die 
reverse of the process of assembling tiie molding dement If an internal nx>ldh% 

25 section is used, diis moldiqg section can be removed in mudi the same fashion that it 
is placed widiin the generally tubular metal fabric in awsemMing tlie mddii^ ekmeat 
20, as detailed above. Kguies SA and SB illustrate one embodimoit of a nsedical 
devicedOwhidinuy beinadeiisingtfaemoldmgelenient20of I^gm As 
discussed bdow, the device of Figure 5 is particulariy well suited for use in occluding 

30 a channel widiin a patient's body and these designs have particular advantages in use 
as vascular occlusion devices. 
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Ihe vascular ooduskni device 60 of Figure 5A includes a genendly tubular 
iniddleptmion 62 and a pair of expanded dianutopoi^ Onee:qxuided 
diameter ixmion is diqwsed at either end of the genenDy inbuto 
IB the embodiiiiait shown in FigniBs 5A and.SB, the ejqjanded dia^ 
include a lid^ 66 jMsitiaaed abont inidway along Oieir lo^dis. 

The lehtive sizes <rf the ttdmlar nriddle section and the egMmfarf riiam.M«r 
IxntionscanbevaiiBdasdesind. InAis paiticDhr eabodiniBnt, the medical device is 
intended to be used as a vascular ocdnsion device to snbstantiaDy Stop the flow of 
blood Hmmgh a patient's blood vessel. When the device 60 is dqptojiBd wijMn a 
patient's blood vessel, as detailed below, it wiD be positioaed within the vessel such 
that its axis generally coincides with the axis of the vessel. Ihe dnmbbeU-Shapeof the 
presew device is intended to limit die ability of the vascubr oeausion de^ 
tutn at an aitgle widi lespM to the axis of the blood vessel to eosuie that it lemams in 
substantially the same position in which the operator dq>loys it within the vessel 

AMioagh the ilhistialBd embodiments of this invention onfy h^^ 
diameter portions, it should be undetstood that the device could have more than two 
sudi expanded diameter poitions. Ftar example, if the device has three expanded 
diameterpoitions, each expanded diameter portiOT is sqwated from at least one other 
expanded diameter portion a tubiilarpoitionhavii« a smaller d^ If so 

desired, flte diameters of each of the expanded dfamwer portions can be the sa^^ 
ti»y need not be die Mwne , 

In JWler to idativdy strtMigly eflgage the lumen of the hlbqd vessel, the 

maxmmm diamrter of the expanded dhmwer portions 6* (which occurs aloag the 
niiddle ridge 66 m this endKKiiment) shouU be sdected so to^ 
25 «««ia«neterfthehmienafthevessdinwhicbUistobed(pk^ 

sligfady greater than that diameter. Whenit isdtptoyedwithm the patient's vessel, the 
vascular occhislon device 60 win eiw the hmien at two jpacet^ The 

deWce 60 is desinjbly longer along its axis dan the dhnensioB of its greatest diante^ 
TTiis win substantiaDy prevent the vascular oochision device 60 Ihm^ 
lumen at an angle to its axis, esscntiaUy preventing the device fhm^ 
dislodged and tumbling ak)ng the vessel wifli blood ftowiiig thro^ 
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The lelative sizes of the generally tubular middle poitioii 62 and expanded 
diameter poition 64 of the vascular occlusion device 60 can be varied as desiied for 
any paitzcular q>plication. For exan^le, the outer diameter of the mkbSe poition 62 
may range between about one quarter and about one thtrd of the maximum diamfW of 

S fhft ggtpsmfM diameter pfwtimis 6d and the length of the middle poitiop 62 may 

ocmqirise about 20% to abont 50% of die overall length of the device. AUiougii these 
<fimensions aie suitable if the device 60 is to be used soidy for oorJnding a vascular 
vessel, it is to be undoslood Hat tliese dimeo^ons may be varied if tfie device is lo be 
used in othor qjjplications, sndi as where the device is intended to beiised amply as a 

10 vascular filler rattier flian to substantially oochide the entire vessd or where tlie device 
is depleted in a dlffeient chamid in a patient's body. 

Hie aqiect mio G.e., Ae ratio of Oe lei^ of die &vice over its maximum 
diameter or width) of die device 60 iUnstialed in Figures 5 A and SB is desirably at 
least about 1.0, with a raqge of about 1.0 to about 3.0 beiiig p re f erred and an a^ect 

IS rado <tf about 2.0 being paiticulariy piefiBned. Haviqg a greater aspect ladon will 
tend to prevent die device from rotatlqg geneially peipendicwlariiy to its axis, wbidi 
may be referred to as an end over end rolL So Ic^g as the out^ diam^ of the 
ejqanded diameter poitions 64 of the device is large enough to seat the device iairiy 
securely against die lumen of the channd in which the device is deployed, the inability 

20 of the device to turn end over md will he^ iaxp the device dq>loyed precisely where 
it is positioned within the patient's vascular system or in any other channel in the 
patient's body. Alternatively, having expanded diam^er portions which have natural, 
relaxed diameters substantially larger than the hmen of the vessels in which the device 
is deployed should also suffice to wedge the device into place in the vessel wrdiout 

25 undue concern bdng placed on the aspect ratio of the device. 

The pick and pitch of the metal fabric 10 used in forming the device 60, as weU 
as some otlier factors sudi as die number of wires enq>loyed in a tubular braid, are 
important in determining a number of the properties of the device. For exa^^)Ie, die 
greater the pick and pitch of the fabric, and hence the greater die density of the wire 

30 strands in the fabric, the stiffer the device will be. Having a greati^ wire density will 
also provide the device with a greats wire surface area, which will generally mhance 
the tendency of the device to occlude a blood vessel m which it is dq>loyed. This 
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thnmibogemdty can be either enluuK»d. e.g. by a coating of a ttaombolytic agent or 
by attaching silk or wool febric to the device, or abated, e.g. by a coating of a 
lubiicious.anti^hiombpgcnic compound. A variety of materials and techniques for 
fflhanca« or reducn« thnmibogeiiicity are wefl 
detailed here. 

When the dewce is deploj«d ill a pttient's vessd. ita^ 

OD the aafiwe of the irfies. By havh« a greater wire density, ^ 

ilK wires wffl be increased, in«aea8h« the thiombolytic activi^ rf 

!«nnittii«ittDrelativdyiapidlyoechidethevessdmwhich^ His 
believed that fbtrning the ocdusion devi» 

having a pick of at least about 40 and a pitch of at least about 30» wffl 
5ufficieittsuifiK»aieatosul»fi^ 

about4mminimierdiameterfaasuitabIeperiodoftime: ff it is desired to inratase 
the late at which the device 60 ooch«Ies the vessd in which it is d^^ ^ 
wide varieiy of known thnnnbolytic agents can be applied to the device. 

Kgnres fiA-6C ilhistiate an alteniative embodfanm 
acKHdance with the present mvemion. Hhs device 80 has a genetafly beH-shaped 
body 82 and an outwanBy extending fomaid end 84. One qylication for which this 
device is partkadariy weil strited is oqduding defecte 

arteriosus (PDA). HJA fa ess«iaUy a condition wherein two btooci vessels, most 
conmionly the aom and puhnonaiy aitety acSacem the heart, haw 
their tomeiui. Btood can flow dnectly between these two bhxKl yesseb thiough d^ 
shurt, conqiromfaiiig the noinial flow of bh»d through the pa^ 

As «qphuned more fMy below in oomiection with 8, the beil^^ 
body 82 fa adapted 10 be dq)lqyed within the shmn between the vesseb^ 

forwanl end 84 fa adapted to be positioned withm one of the two vBsseb to help se^ 
the body in the shunt THe sizes of the body 82 and tte end 84 can be varied as 
desired for differently sized sbums. For exampte, the body may have a diameter atong 
its generaUy cylindrical middle 86 of about 10 mm and a length along its axfa of ^ 
25 mm. such a device, the base 88 of the body may flare generally ndially 
outw ard until it reaches an outer diameter equal to that of the foiwaid end 84. whfch 


may be on die order of about 20 mm in diameter. 


wo 96/01591 PCT/US95/08613 

" 19- 

The base 88 desizably flares out idativeiy rapidly to defme a sboulda- tapGiing 
radially outwardly fitoiD the middle 86 of the body. Vfhen the device is dq>loy6d in a 
vessel, this shoulder will abut the lumeo of one of the vessels being treated. The 
forward end 84 is retained witiiin the vessel and urges tiie base 88 of the body open to 
5 ensure that the should^ engages the wall of the vessel to prevent the device 80 ftom 
beoHnioig disloclged from witlun the stainL 

As detailed above, in makiiig a device of the invention it is desirable to attadi 
the ends of the wire strands forming die metal fabric 10 to one another to prevent the 
iafaric from unraveling. In die Hhistrations of Rgures 6A-6C, a clarq> IS is used to tie 

10 together the ends of the wire strands adjaooit the innit end 84 of the device Itisto 

tie understood fliat this dasap 15 is simply a schematic illustration, fhougji, and that the 
ends could be attached in odier ways, sudi as by welding, soldmii^, biaziqg, use of a 
bioooiqiatible oementitions material or in aiiy odier suitable fashion. 

The rearward ends of the wire strands are shown as being attached to one 

IS anodic by an alternative damping means 90. This danq> 90 serves the same pwpose 
as the schematically ilhistrated damp 15, namdy to intercormect the ends of die wires. 
However the clasq> 90 also serves to connect the device 80 to a delivery system (not 
shown). In the embodiment shown, the clamp 90 is generally cylindrical in shape and 
has a recess for recdving the aids of the wires to substantially prevent the wires from 

20 moving relative to one another, and a threaded outer aufaoe. Tlie threaded outer 

suriace is Bdaptod to be reodved within a cylindrical recess (not shown) on a distal aid 
of a deliveiy device and to engage the threaded iimer surface of the deliveiy device's 
recess. 

The delivoy device (not shown) can take any suitable shape, but desirably 
25 comprises an dongate, flexible metal shaft having such a recess at its distal end. The 
delivery device can be used to urge the FDA ocdusion device 80 tluough the lumen of 
a catheter for dq)loyment in a channd of the patient's body, as outlined bdow. When 
flie device is deployed out the distal end of the catheter, tike device will still be retained 
by the ddiveiy device. Once the proper po^on of the device 80 in tiie sfaum is 
30 confirmed, the shaft of the ddivery device can be rotated about its axis to unscrew the 
clamp 90 from die recess in the delivery means. 
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By keepii^ tlie IBA device 80 anachwl to the 
couW still naiact the device for i«positioiiii« if it is dete^ 
property positioned in the fiist attempt IWs ttaeaded attachment will also allow the 
opemtor to contiol the mamier in which the device 80 b deployed o« of the 
of the catheter. As eqrtained below, when the device odts the catheter it tri^ 
naaiMtly mtniB to a iBBfisned e«^^ 

treated. When the device apiings l«* into iWs shape, it may tend to art 
distal eiid of the cathetCT, efifcctivety uigii« itself ito^ 

catheter. ™s qaing action could conceivably lesuh in in^w^erpos^^ 
devias if the k^tion of the device ^ 

being positioned in a shunt between ttKo vessels. Since the ttaeaded damp 90 can 
c»*le the chelator to mahtein a h^^^^ 

action of the device can be controlled and the openttor cqn^ 
cpsme proper p osMcmmg 

■■ A PDA ocdusion device 80 of this embodiment of the invention can 
«i«a«ageoiisly be made in acooidance with te^^ 

defanniflg a metal toiic to 8enen% confimn^ to 

dement and heat tteai.^ the fitoic to snbstamiany set t^ 

F«uie 7 shows a moUfaig dement 100 whidi may be suitable for fonning a PDA 

ocdusion device 80 such as that shown in I^gDies 6A-6C. 

llie mddh« demert 100 gawaBy compri«» a body portion 1 10 and an end 
phtem Xhebodypo,tiaollOisadaptedtom»ivea.Klfoimthebody82ofthe 
deWce 80 while the end plate is adapted to conro ^Pinst the metd fiOafc 
thefoiwaidend84. Ttebodypoition llOindudesandopgate. geoenlly tnbuhr 
central segment 112 whid. is sized to Modve the dopgate body 82 of the device lie 
cemnd segmem 112 of the moldh« dement 100 cpthnally has an mternd diam^ 
sfightly less than the natuid. rdaxed outer diameter of the tubufar biaa 
device is ftamed. Ms compression of the bnud win help yidd devices with 
n?»Ddudbly sized bodies 82. Iteforwaidendof diebody pottion llOindndesa 
bade plate 114 which has a geneiaDy amiular sidewaU 1 1 6 depending downwardly 
tfaereftom. sidewall ddines a recess 118 which is generaUy dreular in shape. 
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The end plate 120 f the moldiflg etanot 100 has a geiKialfy disc-sbqied face 
122, which desixaUy has a damp port 124 q>pix>xiiiiately centered tfaeirin for 
lecdviqg a r^»mp IS attached to tte fiafaric, as ooted above. The end plate also 
has an amndar sidewaU 126 whidi extends geneiaUy opwanDy finom the fiioe 122 to 

S deBne a geoeially c^findrical leoess 128 m the end plate 120. The sidewaU 116 of the 
body poitum 110 is azed to be xeodved widun die leoess 128 of die ad plate. 

In use, die metal fthric is piaoed in the moldiJig elemot and the body portion 
1 10 and the end ptate 120 axe biDu^ toward one another. The mner &ce of the bade 
plate 114 will engage the fiabiic and tend to urge it under compression generally 

10 ladiaDy ODtwaidly. Theftbric will then be enclosed generally widun the recess 118 of 
the body poitim and will genoally conform to the inner sur&ce of that recess. If one 
prevents the entire ckamp 15 firom passing throng the ttmp port 124, die fabric wSI 
be spaced sU^idy away from the inner surfiaoe of die face 122, yielding a slight dome 
sh^ in the forward rad 84 of tte device, as illustrated in Figures 6. Althou^ the 

15 illustrated embodiment includes such a dome-shq)ed forward end, it is to be 

understood that die forward end may be substantially flat (esccqst for the damp IS), 
which can be accomplished by allowing the danq> to be xeoeived otirely withiii the 
damp port 124 m the end plate. 

Once the fidnic is cuuipr e ss ed in the moldmg element 100 so that it generally 

20 conftarms to the moldiiig surfiaoe of the mcfldiqg elmrat, the fihxic can be subjected to 
a heal tiBatntent sudi as is outlined above. When die molding element is opened again 
by moving the body portion 110 and die end plate 120 away finmn one anodier again, 
die fUiiic wiU goieraUy retain its d^onned, conq^^ The device 

can dien be r^iiftpq^, sudi as by nxptf tiie clamps IS, 90 generally axially away 

2S from one anodier, ^iducfa will trad to collapse the device toward its axis. The 

ftniiapci^ device 80 can thra be passed through a cadieter for deployment in a chamid 
in a patient's vascular system. 

Kguie 8 sctaraiatically ilhistrates how a medical device 80 generally as oudined 
above can be used to occlude a patent ductus arteriosus. In this case, tine is .a shunt, 

30 i^rred to as a FDA above, whidi extends between a patient's aorta A and the 
puhnonary art^ P. Tbe device 80 can be passed througji the FDA, sudi as by 
keqmig the device collapsed within a catheter (not shown), and die forward rad 84 of 
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tbe device an be aUowedt elasticaUy e;qxmd to sutetamiaUy recover its theni^ 
set. -lemembered- sh^ ftom the heat treatment process, such as by uigins the device 
distally to extend beyond the distal end of the caflwer. ITus fonvaid end 84 should be 
laisBT than the Iimien of die shunt of the PDA. 

llie device can then be wraclBd so that the forwaid end 84 engages die 
tfaepufanonaiyailayP. If one continues to wiact the catheter, the engagement of the 
device with the wan of the pohnonaiy anaiy win tend to natmally pun the body 
portion 82 of the device feim the catheter, which win peiniit the body 
return to its eqaadedcon^guntioo. Hie body poition should be sized.so that it wffl 
ftictionany engage the hmien of the TOA'sdinnL Hie device 80 win then be hdd in 
place by the coiiihhiation of die action between the bod^ 
shunt and the engagement between the waD of the puhnohaiy aiteiy aa the Ibiwaid 
end 84 of the device. Overa relativdy short peiiodof time. thnmW wiD finm inand 
on the device 80 and the thnnnhi win oodiide the BDA. If so dcsnwl. the device may 
be coated with a suitable thrombolytic agem to ^ up the ocdnsion tte 

Kgures 9A and 9B are a side view and an end view, leqwctivdy, of yet 
another embodiment of the present mvention. TWs device 180 can be mad for a 
vaiiely of applications in a patient's blood vessels. For example, if a fiifaic having a 
iBhtivay high pick a.e. Where the wire densi^ i^^^^^ 

device, the device can be used to occhide blood vessels. In other applications, it may 
sen* as a fiher .widdn a chamiel of a patiem's body, either m a blood vessd or m 
another chamKi, such asm a mimnytnrt or biliary duct. In order to further enhance 
or reduce to device's tendency to ocdiide the vessel. dependh« on the a^ 

the device a suitabte Imown fluombogenic or amithiombogenic coa^ 
25 tothedevice. 

TWs filter 180 has a genendly cooicd configuration, tap^ 
OHtwaidIyfiomitsreaiwaidendl82toftsftiiwaideodl84. A length of the device 
adfaosmitsforwaidendisadaptedioei^agethewansofahmMofachamid^ Ihe 
niaximum diameter of the fiher device 180 is therefore at least as huge as the 

diameter of the channel in which it is to be positiom^d so diat at least the forward end 
will engage the wall of the vessel to subsmntiaUy lock die device m pbce. 


IS 
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Having a series of unsecured ends 185 of the wiie strands adjacent the forward 
end of die device will assist in seating the device in the chansd because the ends of 
the wires will teml to dig into the vessel wall sl^^y as the f orwaxd end of the device 
mges itself towaid its fuflyexinndedconfig^ Hie comhination 

of the fxicdon between tte ootwaidly inging fovwani ad of the device and fte 
tfnAwry of ihft wire ends to dig hffi> the vessd walls will h^ 
lemams in ]dace where it is deployed lather tfa^ 
reach an undesired location. 

The method in which the device 180 of die mveotion is dq)loyed may vary 
tf ppftiHittg m UtR nainiB of the |Av5iological condition to be treated. For example, in 
treating an axterio-venous fistula, the device may be carefully poshicmed, as described 
above, to ocdude the flow of blood at a fairiy qjecific location. In treating oth^ 
conditions (e.g. an aiterio-vaious malformation), however, if may be desired to simply 
release a number of th^ devices iqistream of the malformation m a vessel having a 
larger luma and sintply allow the devices to diift from die treatment site to lodge in 
SBOBDer vessels downstream. 

The dedaon as to wh^her die device 180 should be predseiy poatiooed at an 
exaa location widnn the diaunei in a patient's body or wfaedia: it is more desirable to 
allow the device(s) to float to their final lodging site wiH dqiend on the rize of the 
chaimels involved and flie specific condition to be treated. This deddon should be left 
to the individual operator to be made on a cas&-by-case basis as his or her eoqierienoe 
dictates; there is no one or wnmg way to deploy die device 180 witiiout r^ard to 
the oondhians at hand. 

In the embodhnent dMnirn m Figures 9A and 9B, the waU of the de^ 

generally lineariy fiiom a position ad^oent the clamp 90 and die otiier end of the 
device, qsproxunating a oonicai shape. Due to tiie presence of the clanq> 90, ttiough, 
the end of die device immediatdy a^aoent the damp may deviate sligtady from the 
cone shape, as indicated in the drawfflgs. Altemativdy» the wall may be carved so 
that the rfjatngter of the device dianges more rapidly adjacent the rearward end than it 
does adjacrat its toward end, having an qipeaiance more like ^ 
about its major axis than a true cone. Eidier of these embodun^its should suffice m 
occto^jj^g a vessel widi the device 180, such as to occlude a vessd. 
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Tte ends of Che wirs Stands at tte reanvaid end 1 82 of the de«^ 
wnh«spetttoonea««te. sociasbymeansofattaeadedcb^^ 
ctescnbed above in connecdonwhhRiui^ ftmions of the wire stands 

"^^^^tooo^^^tb^aoss,^^^^^ such 
a ^ weid is schenatically iBusftaed at 186 in RguTO 

'"«««*»dtoillustaledinFig„.«9.tl«^ 
^laoem the end 184 in «i« iidshed de^ 

manyiashion. «ia«ds aie held in a fixed position during .te 
to pn«rent the n«al fi*ric ihm, unnveiing beft«e it is nuule 
While the ends of the wiie stnuuls acSacent ^fy^ end «nain fixed „*uive .o 
«.e another, ttegr can be heat treated, as outlined Ite heat tieaiment will tend 
to fix the shapes of the wires in their defonned config««tio„ wl««n ti» deito 

8e»enUlyconformstoamc*lii«suri5«»ofthemoldingeta^^ When the device is 
«eaK««d IhHn conmct with the nu>ldn« elema^ 

tend to n«nain intertwined. Accordi^gly, when the device is released fi«n oom^ 
with the lnoIdh«efanent. even if the ends of the wires ar^ 
coostiarm the device should stin suhstantiany retam its sh^^ 

"^lOA-lOCilhwiatethr* suitable „olds for 
ofPig„res9Aand9B. I- Rgure IQA. the nKfldmg element 200 is a single piece 
wta^deft^.pairofgeneiallycoaicalpoitiomabutt^ 
sundar enU«lin«nt (not Shown), the mcfldh^ elem^ 

sh^««unlike«.An«ic«.ftK«b^c.an^^^ m the eaU»din«nt iOustrated 
mi^lOA..hongh.d«nKdd»«eie««aisalittfcbitle« Tldsn»idir« 
elemem comprises two conical segnmnts 202 Which abut oue another at thd^ 
<tefimng a huger diameter at the middb 204 of d« elemem w^ 
unifonnly toward the ends 206 <rf the efcment 200. 

When U,e a tubular hndd is used in forming this de^ fl« tobular melal fi^ 
may be applied ,0 the mowing elemem by placing the molding demem wi^ 
tubular braid and clamping d« ends of the braid abo« moldu^ 

cuttmg the braid tt >d. desired length. In order to b etter fadliuue th. «n..K„.^. ^f 

die-chunps 90 to the ends of the tubular braid, the e«ls 206 of d« moldu« el^^ 
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may be tounded, as shown, rather tban tqiering to a sharper poim at the ends of 
moldfaig etemeoL In Older to ensure that the bxaid more closely conforms to the outer 
sm&ce of the moilduig etanent 200, i.e. the molding element's molding sm&ce, die 
natmaL relaxed dBam^ of die braid should be less than the maximmn diam^of the 
element, whidi ocoirs at its middle 204. This wili place the metal fabric in tcnaon 
abffirt thp i ffM^- ftf thft rfgmgnt and, in eomMnaiion with the clamps at Ae ends of tte 
braid, canse flie braid to geoeraliy co nfon n to die moldine sm&oe. 

Hgnre 1GB illttstrates an alternative moldiQg element 210 far fiinning a device 
sibstandally as Aown m Figures 9A and 9B. Whereas the moldbsg element 200 is 
in f^^ to be received withm a recess in the metal fabric, sndi as within the lumra of 
a iMi gtii of tnbolar braid, die moldmg element 210 has an internal cavity 212 adapted 
to receive the ftbric. In dns mbodhnent, die molding element may conqnise a pair of 
moUhig sections 214, 216 and tfiese mold sections may be substantially idendcal m 
shq)e. 1^^^ of the molding sections 214, 216 generally oonqnise a conical inner 
surface 220 defined by a wan 222. Eadi section also may be provided with a 
genially (^Imdiical axial recess 224 for receiving a cbmp 15 (or 90) carried by an 
end of the metal fiabiic. 

The two molding secdcms should be readily attached to one anodier with the 
larger, open ends 226 of the sections abutting one another. Ihe mold sections can 
simply be damped tpg^her, such as by providing a reiisaUe jig (not shown) whidi can 
be used to properly posidon fte sections 214, 216 widi reflect to one ariotin. If so 
desired, bolt hcdes 228 or the like may be provided to alhyw a ni$ and boft, or 
similar attadmient i^ston, to be passed through the holes and at^ 
216 together. 

In use, a suitably stzed^Boe of a metal fiditic, optimally a leagdi of a tubular 
braid, is placed in the recess 212 of the molding demoit and die two molding sections 
214, 216 are urged toward ooe anodier. The fabric Aould have a relaxed axial lengdi 
longer than flie axial leagdi of the recess 212 so that hanpsis the sections toward one 
another will axiallyooinprBSs the &bric. TUs axial oonqnession will tend to urge ttie 
wire strands of die braid radially outwardly away from the axis of the braid and 
toward er^agenrait widi die moldii^ surface of the element 210, wUdi is d^ined by 
the suriace of the recess 212. 
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Qnce the metal fidnk is ddbnned to generally crafonn to the molding surface 
of either moMing etement 200 or 210, the fitoic can be heat treated to sute 
the shape of the ftbiicm its defoimed state. If moiding dement 200 is used, it can 
thra be removed finm the mterior of fliBme^ fabric, these is snfficnntiDom 
between flie resilient wire stiands, the miABiig element can simply be removed by 
openh^ ttae web of wire stands and puiliitg the moldnig etemem out 
themetalfihiic If iiialdii« element 210 is enqiic^ the two mddnig sections 214. 
216 can be moved away to one another and die moUed febric can be retrieved fiom 
dierecess212. l>ependHigon the shape of die moldfa^surfwe, die resulth^ framed 
sh^ may resemljle either a pair of abottiitg hidlow cones or, as noted above, a 
foofban, with clamps, wdds or the like provided at eiUier end of the sta9». 

Hiis shqie can then be cut into two halves by catfing die wires in a direction 
geaieraUy peipendicular to die shared axis of die cones (or die mig 
sh^) at a location about midway along itelengdi. IWs will pioduoe two sepanie 
fllt» devices 180 substantiaUy as ilhistiated in F«ures9A and 9B. Ifdiewires 
strands are to be joined a<5acent the forward end of die device (such as by die 
wddments shown as 186 m Figures 9A and 9B), flns can be done before die coni^ 
ovoid shape is severed imo two halves. Much die same net shape could be 
aocooqilished ly cutting die metal fisbric into halves white it is stin 
nrnhfing element 200. Ihe sepanie hah«s having die desired shape could dien be 

pidled ^ from one anodier, leaviag die mcMng elemem ready for fonni^ 
additbnal devices. 

In an ahetnaave embodhnent of dus medwd, die moidine element 200 is 
formed cf a mtterial sdected to pomit the middn^ demem to be destroyed for 
25 removal from die interior of die meialftbric. For esample, the mohfiBg eJemeot inay 
be farmed of a biMe or friai^ material, sncfa as glass. Once die material has been 
heat treated in contact widi die naoMh^ smfeoe of die moMmg eiemem, die mol^ 
etemem can be hral»n into smaller pieces wMdi can be readily reuK^ 
diemetalfebric. If diis material is glass, for exampb, die moldfagetemeot and die 
metal fabric can be strack against a haidsntfitte,cauang die glass to shatter. The 
glass shaids can dien be removed fiom die enclosure of die metal fiibric. Tlieresultant 
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shqie can be used in its generally ccoical sbapt, or it can be cut into two sqarate 
halves to pioduce a device sidistantially as shown in Figuies 9A and 9B. 

Abonatively, tbc molding elemeot 200 can be fanned of a mateiial which can 
. be cheinicany dissolved, or otherwise bideeo down, by a chemical agrat which will 
5 ncrt aibstantiany adversely affect die pnqi^ For 

example, the moi^g d CTigyit can be ibnned of a tenqyeratme-ieastant plastic resin 
wUdiiscqidfleof bdngdisscflvedwithasahableoigaidcsol^^ Ihe fabric and the 
mcdduig eiement can be sidgected to a heat treatmem to substantially M the shape of 
the fidnic m oonftinnance with (he surface of the molding element, whereupon the 
10 molding doneot and the in^ Miric can be immersed in the solvent. Once the 

molding element is substantially dissolved, the metal fabric can be removed and dtfier 
used in its cunent shape or cut into sqniate halves, as outlined above. 

Care should be takra to ensure that the material sdected to fonn the moldmg 
demem is cqiable of withstanding the heat treatment whhout losmg its shape, at least 
15 until the shsqpe of the fibiic has been SA. For example, the molding elanrat could be 
formed of a material having a melting point above the t emp e ratu re necessary to set the 
shape of the wire strands, but below the melting ponit of the metal fonning the 
strands. The moldmg dement and metal fabric can then be heat treated to set the 
shape of the metal fsbric, whereiqxm the temperature can be increased to substantially 
20 conq)letdy meh the molding dement, thereby removing the molding element from 
within tlie metal fabric. 

It diould be understood fhat the nudiods outlined immediately above for 
removing the metal fabric 10 from the molding element 200 can be used in connection 
with other shqses, as wdl. Atthou^ these methods may not be necessary or dearaUe 
25 if the moldii^ dement is carried about the extenar of the metal fidnic (such as are 
demems 3(M0 of die moldmg dement 20 of Figures 2-4) , if flie moiifing den«it or 
some poition tfaeieof is endosed withm the formed metal fidnic (such as the internal 
tnnMing scctiou of the moldiqg dement 20), these methods can be used to efifectivdy 
remove tiie moldmg dement without adversely affectmg the medical device belog 
30 formed. 

Figure IOC illustrates yet another molding element 230 which can be used in 
forming a medical device such as tfiat illustrated in Figures 9A and 9B. This molding 
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demem comprises an outer moMiBg sectkm 2» defimng a tape^ iimer surface 234 
and an inner inoMii* section 236 having an outer suifi^ 

shape as the teperedhaier surface 234 of the outer inoldtagsettk^ Tbeiaaer 

inoMiDg secticm 236 shonU be sizBd to be iBcelvBd withfa 

with a piece of the metal fOnic (Brt shown) beii« di^wsed between 

outer moUmg sections. Ihe mcddhigsniftoe of this nuddhtgeiement 230, to which 

the fidiric win genecdly con«aim, can be considered to factajle both the hme^ 

234 of the outer moidmg section and the outer smfccc 238 of the inner moJ^ 
secticm. 

This molding elemert 230 can be used with a metal febric which is in the ftam 
ofanibularhraid. If such a fehric is used and a damp 15 (not shown in diis dnwmg) 

the like is provided to connect the ends of the wire strands a^^ 
device, a recess (not shown) analogous to the cavity 46 in the iace of the oompiession 
disk 44 of molding element 20 (Figures 2-4) can be provided for recdving the damp. 

However, the present molding dement 230 can be used quite readily with a flat 
woven piece of metal fabric, sudi as is iUustiated in Figure IB. Inusingsudia 
fthric, a sdtaMy sized and shj^ied piece of fabric is 

230 to produce a device 180 analpgous to that shown in Figures 9A and 9B, for 
WBu^jle, a genBianydisk.shaped piece of the metal fah^^ Ihemetal 

fi*ric is then placed between the two sections 232, 236 of the mddmg demem a^ 
sections are moved togetfier to defbm the fidiric therebetween. After heat treatment, 

the fihric can be removed and win retain substantiany the same diape as it had 
was defonned between the two mddhq; sections. 

As can be seen by the discussion of the various mohBng dements 200, 210 and 
230 m Rgurcs lOA-lOC, it shouM be dear that a number of different mc^ 
dements may adiieveessentiaBy the same desned shape. Ihese mddmg dements 
may be recdved entirely withm a dosed segmem of fidnic and idy on temdon and/or 

compression of the febric to cause it to geneiaBy confam 10 the moMhig surfto rf 
the molding dement, as with the dement 200 of Figure IQA. Ihe mddmg dement 
210 of Figure lOB substantially encloses the febric withm a recess in the mold and 
reUes on compression of the fabric (in this case axial compression of a tubular braid) 
to defiom tte felaic^e^thTclKired^^ FinaUy, the febric may be 
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conqnessed between two coacting pans of the molding dement to defonn the fabric, 
iqirh as between the two sections 232, 236 of molding element 230 in Figure lOC. 
Any one or more of these techniques may be used in adiievh^ a finished pioduct 
having a desized dap&. 

5 F|gu]» 11 and 12ilbistmteaUenativeemlK)dimeotsaf ytta^^ 

device in aoooidance wiOi this invention. Both Figure 11 and Kgnie 12 ilhistxaie a 
vascular tap suitable for use in t emporari iy fOtering embolic particles from blood 
piBBing duougb a patioit's vascular syston. Such a device win most frequently be 
used to filter emboli from a patient's blood when anotho* medical procedure is being 

10 performed, aich as by using die trap in conjunction with a rotatiiig cutting blade 
during an atherectomy or with a balloon cafhrter during angioplasty. It is to be 
understood, tiiough, that tfie trap could also be used in other similar qiplicaticms, such 
as in chamiels in patients* bodies odier than their vascular systems. 

In the onbodim^ of Figures llA and IIB, the vascular tnq> 250 conqnises a 

15 goierally umbrdla-slKqied basket 270 carried adjacent a distal end of a guidewire 260. 
The guidewire in this embodimon includes a tqiered distal secticm 262 with a spindly 
wound con 264 exteiuling along a distal lepgtti of the wire. Guidewires having such a 
distal md are conventional in the ait The basket 270 is positioned generally distally 
of the cml 264, and is demably attached to the guidewire prmdmally of the proximal 

20 eadof the tqiered section, as shown. 

The basket 270 (shown in its collapsed oonfiguiation.in Figure llA) includes a 
distal band 272 and a proximal band 274. The distal band may be made of a 
nuliqpaque matBrial» such as gold, platinum or twigsteni and is afiBxed duectly to the 
shaft of the guidewire 260. This attacfamem may be made by any smtable means, sudi 

25 as by weldu%, brazing or soldering. Altoiiativdy, the distal band 272 may oonqnise 
a bead of a Uocompatlhle cementitious inaterial, such as a cnralde oigaiiic resin. If it 
isdeared to increase the visiiuli^ of the band for flttoioscoiriccA a 
radiopaque metal or the like can be imbedded in the cementhious material. The 
proximal band 274 may be formed of a l^potube sized to permit the tube to slide along 

30 the guidewire during deployment. This hypotube may be made of a metallic matmal; 
a thin-walled tube of a raTi alloy should suffice. If so deshed, the proximal band 
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may be fanned of a maie ndiqiaque mejal, or a NiTi aUoy band can have a 
ladtapaqDe coating to its smftce. 

TT«ebodyofthede»iceisfimnedofan»ndfia„ic.as«qrf^ Tie 
mefidfiteicoflMsenUKKlin^rtisopti^ 

ends rf tte ft^ fl« bndd can be aaa«4ed toBefl^ 

272.274befi»e d»&hriciscutiota«th. Mod, like the damps 15. 90 noted above 

tobands272.274wfflhdpp»vent,hen«dfiU^ftc»nunn^ ' 

fonnmgprocess. Cllie n«hod of fimnh« the baaket 270 is described betow in 
onmecdrai with Figme 16.) 

When the device is in its collapsed state for dq*^^ 
Utaaiated m Rguie llA), the basket 270 wiH be coDap^d lowani the axis of the 

HMther aloqg the length of the guidewiie. with the fifl»ic of the d^ 
«i«*«ween. I-aprefiared enrfxxlinHa^ when the basketis in its col^ 

ew the omer snto of the guidewire to pennit the device to be de^ 
ttaough a idativdy sman hnnen of a catheter or another medicri 

When the derice is dqdoyed fa a patient^s vascular system, the basket wiD tto 
on an «,«ded eomSgmatioo wh«tin it extends outwardly of the outer suilace of the 
8««i«mc. AS best seen in Eig«e IIB, the shape of the basket 270 when dqrtoyed 
»ay geneiaUy .esembb a conventional tnnhmOa or pamchnte. haviog a domelike 
«mc«ne cnnd^g mdiaBy ootwaHfly i™n the 

*stalband272. » i» «o he mKlerstood flutt other suitable shapes couH 
desiied filtering iimetion. such as a coni«^ 

changes more lineaxiy than the smooth. lomKbd version sh^^ j,^ 
also befieved that a relatively flat, disc shape wonid also suffice. In this e.,anded 
<»nfiguration, the two hands 272. 274 are closer together, with 

optinially ben« spaced only a short distance fiom the pr«^ 
ilhistrated. ' 

In moving frwn its collapsed state (Figure IIA) to its «qM^ 
1 IB), the metal fabric turns in on itself, with a proximal portion 282 of the coIhg«ed 
basket being received withi n the interior of a distal portion 284 of the colfapsed basket 
TlHSTm«hK« a two-layered structure havmg a proximal 
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outwanUy of the giddewne, defining a piDxmiaIly-&(aiig cup-sbapei cavity 288 of the 
basket. When blood (or any other fluid) flows thnnigh the basket m a distal direction, 
any pail in'^^*^ matter in the blood, e.g. enibofi released into the bkx)dstieaffl during 
atfamctomy or angioplas^ procedures, willtendtobetiqipedinffaecavity 288of the 


Thf pffT^gft rfrniengjftng af the metal fehric can he varied as desired for various 
grpBrfttt^g the device 250 is to be used as a vasoilar fiber to ti9 enibofi released 
into Ae bkNMi» for exsnqde, the pores 0.e. ttie op&mgB between the crossing metal 
strands) of the fabric are desirably on the order of about 1.0 nun. This is genenally 

10 deemed to be the mimmum rize of any particles which are likdy to cause any adverse 
side effects if th^ are aUowed to fbial freely within a blood vessd. One would not 
want to "iai» the pores too smaU, though, because tiie blood (or otlier fluicQ should be 
fieetopass tiuDug^thewanof thebaski^270. If so desbred, the basktt may be 
coated with a suitable and-thrombogenic ooatinB to prevent the basket from occhiding a 

IS blood vessel in which it is deployed. 

When a £dmc having 1.0 nun pores is used to foim the ba^et 270 of this 
CTbodhnoot of the invendon, the foraiiiig process will reorient the wires relative to 
one another and in some areas (e.g. adjacent the proximal Hp 286) the pores wifi be 
iaxger than 1.0 mm. However, because the basket's walls are formed of essratiaUy 

20 two thicknesses 282, 284 of tlie fabric, the efiiective pore size of die device may be 
significantly reduced evoi at diese locations. 

Hie device 250 may also be provided with tethen 290 fior qpDqismg die basket 
270 during retxaction. The basket may inducte four indqiendeat tedier wires, each of 
which extends proximaOy from the pnndmal hp 286 of die deployed basket. In a 

25 (Hefen^ embodiment, though, the four tether wires illustrated in the drawii^ are 
actuaUy fonned of two longer wires, with each wire extending penphemUy about a 
poEtion of the proximal Iqi the baskeL These tether wires may be intert w ined wifli 
llie wires of the metal fidmc to keep die tedmis in place durii^ When the tediers 
are retracted or drawn down toward the guidewire, the wires extendmg along the 

30 praxhnal hp of the basket wiU tend to act as drawstrings, drawing the proximal end of 
the basket xadiaUy inwardly toward the guidewire. Ibis wiU tend to close die basket 
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and eoti^ any mateaial caught in the cavity 288 of the 
basket can be retracted, as detailed bdow. 

TlK tether uiies 290 my extend along much of the length of the guidewire 
Itetthqrwmeaend outside the patiem's body during^ 

is desiiBd ID cdlvse the basto for retrieval, the opeia^ 

gui«fawi« 260 aeaifyaiKlretiact the tethen with respea ^sean 

tend to hs relatively cffliAeisonib, though, and nmy be too difii 

accompBA withort biBaldi« the letiws if the devi« 

readied by a toituous path, such as in die biain. 
Aecoidii«ly, in lhe>BfiaiBd onbodiM 

Whets 290 me atiaciied 10 the guhtewire 260 at a 

basket T*etBCfaeisi»gr,fbre«iiii«e. be attached to a Bwala^ 

tbisstn^,292nuiybeafBxedtothe8hafloftheguidewire. When it is derired to dose 

the pioxinBd end of the baste Ibr reirectioo. «, «de^ 

nigeddistallytowanl the baste 270. When the catheter encouiaas the ladially 

extendi^g tetheis, the discd end of the catheter win tend to dn»^ 

guidewire as the catheter is advanced. wMd. win, m turn, tend to di^ 
end of the baste closed. 

Kguies 12A and 12B inustiate an alternative embody 

in Figures llA and IIB. with Figure 12A showing the deWce collapsed in a cath^ 
for deploynH« and I^12B Showing the device m its dg,toyed confix I„ 
the embodhneitt shown in Rgures 12A and 12B. the baste 270 finau^ 

the same as outlined above in coimectioo with Figures llA and IIB. In the 
einbodiinent of Figures 12. tho,^ the distal band 272 is affixed to the 
at the distal tvrftheguidewire. guidewire 260' is of the type refened to in the 
ait as a -movable core- guidewire. In sud. guidewires. a core wire 265 is received 
withm the imnen of a hdically womid wire coa 266 and the core wire 265 extends 
dislallybeyondthedistale«dofthecoil266. A thin, ekmgate safety wire 268 may 

c«end along the entire hmien of the coa 266 and the distal emi of the safe^ 

be attached to the distal emi of the coa to prevert loss of a segment of the ooa if the 
coil should break. 
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In the embodiment of Figures 11, the pnixmial ends of the t^hers 290 aie 
attached to a metal strap 292 which is itself attached the shaft of tb& guidewiie 260. In 
the present embodiment, the tethers are not attached to the core wire 265 itself, 
instead, tte tethos are attached to the coil 266 of die guidewire. The tethers may be 

5 attached to tihe coil by any suitable means, such as by means of laser qiot wddmg, 
soldoing or brazing. The xesii&s 290 may be attached to the cofl 266 at viitually an 
spot aloqgtfaeleqgtbaf thecofl. As ilhistrated in these drawings, for example, die 
tethers may be attached to the coil acgaoent the coQ's di^ ouL Howeror, if so 
desired the tethers may be attached to the coil at a location space more pnndmally 

10 firam the basket 270. 

An e«tenial cath^ sudi as diat refmed to in die discussion of Figures llA, 
bat not sliown in titose drawings, is iUustrated in Figures 12A and 12B. Once the 
baskitt 270 is deployed in a patient's vessel to substantial^ readi the esqianded 
configuration shown in Figure 12B and the bask^ has pofoimed its jntflnded filtration 

IS fonction, the external cath^ C can be mged distally toward the bask^ 270. As diis 
catheter is urged forward, the tethers will tend to be drawn into the distal end of the 
catheter, which is substantially nanower than the pioxmial Up 286 of the basket. TUs 
will teod to draw the tethers down toward the guidewire and bsip dose the basket, as 
eacplafned sibove. 

20 Figures 13-15 iUnstrate yet anadm* aheniative emhodimeat of a vascular trap in 

acconlanoe widi the present invention. Tins vascular tisq> 300 indndes a basiket 320 
received over a guidewire 310. In most rBq>ects, the basket 320 is direcdy analogous 
to the hask^ 270 ilhistrafied in Figures 11-12. The basket 320 indu^ a proximal 
band 322 and a distal band 324. As in the embodiment of Figures 12A ami 12B, the 

25 distd band inay be atladied to the guidewire adjacem its distal ou^ ff so desired, 
diopg^, a stnictnre sudi as is shown in Hgures 11, wherein the guidewire extends 
distally beyond die basket, oould instead be used. 

As best seen in its ooUqised state (shown in Figure 12A), the basket indudes a 
distal s^ment 325 and a praximal s^ment 326, with the distal end of die distal 

30 segment being attached to the distal band 324 and die proximal end of the proximal 
s^cm being attached to the proximal band 322. When die basket 320 is in it 
esqjanded configuradon (shown in Figure 12B), the proximal segment 326 is recdved 
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wilWn tlie distal segnieiit 325. defining a 

device. Tl« waU <rf the basket tlius feinied also imdiufes a cavity 

solids entnined in a fluid, su(± as emboB in a patiert'^ 

The badtBt 320 of RgniBS 13-15 is also shaped a little hit diffei^ 
5 baste270€«ftheiaevioasdiawii«8. !!» prnnaiy diffefeoce betwe«ai these two 
tashtofato the baato 320 is a little bit sbortw 
lids dififcnw SMto shve is shnidy intended to il^^ 

tiap in ac«mlance with the invention can have any of a wide vai^ 
particular significance shoiiW be attained to the 
10 vanous diawiqgs. 

m die vascular tiaps 250 and 250' of Kguies 1 1 and 12. lespectively. tcthen 
were used to draw down the proxinial end of the hash* 270 lo to 
ledaction. In the embodnnem shown m FiguiBs 13-15, though, the tap 300 inchu^ 
had® cover 340 positionedpioxhnally dfthe basket 320. Ihe basket cover may also 
be feimed of a metamc tubuhff braid and is also ads9«ed to be 
8enen% along the outer suifece of the guidewiie 310. The cover 340 is not diiBctly 
aflS«d to the guidewiiB at any pdnt. though, but is instead intended to be slidable 
aloqgtfaegDidewiie. As best seen in Figures 13 and 14 whendn the cover is in its 
colhpsed Slate, the a«« 340 achides a distal hwxrtube 342 an^^ 
IWWd* 344. with the distal lOT^ 

340 and the prorimal control Iqrpotube 344 beh« a^ 

oover. 

Ite cover 340 is shown hi its dq*q«i, 

As shown in that figum. the cover has a sfanibrstnictuie to that of fte basket 320 but 
is oriented to be open distaUynther that pnarinudfy. as is the badctt As best seei fa, 
Figures 13 and 14 wheiein the cover is in its aflh9)sed state, the 
segment 352 and a pKMmnals(^mem 354. When the cover is deployed by wgiflg it 

distaDy out «f the distal end of the depioymem catheter C, the cover 340 wi^ 
resiliently letum to its e:qxuided configuration and the 

axiaUy pioximally along the guidewire toward the proxfanal control hypotube 344. 
Ibis wiUimrert the collapse d cover so that the distal section 352 is geneninyiecM^ 
-within the proxhnal section 354, defimng a distal lip 358 of the cover. 
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The pioxnna] contiol bypatube 344 may extend akmg a mihstanrial poition of 
the length of the catfaeto- 310 so thai it exiods out of the patient's body when the 
device 300 is in place. By giaqmig the control bypotube and moving it idative to the 
guidewire 310, an upeiaior can oontiDl die position of die cover 340 with leqiect to 
5 the basket 320, which is aflBxed to the gddewiies. As eqilained in more doail below 
in connection widi die nse of die device 300, once the basket has been dqdoyed and 
has been used to fiber otgects e ntiau ied in die flold (e.g. ensboii in bioocQ, the cover 
340 may be dqdoyed and die trq> may be drawn proiximalfy towaid the cover by 
movipg the gnidewiie pniximally widi respect to the control hypotube 344. 

10 The inner diameter of die distal lq> 358 of the cover is desirably slighdy larger 

than the outer diameter of the proximal Iq> 328 of the basket Hence, when the basket 
is drawn pioximaUy towaid the cover it win be substantiaDy mdosed tfaeidn. The 
cover will th^t^aie tend to trap any emboli (not shown) or odter particulate matter 
retained widiin the cavity 330 of ttebaski^ A retiieval sheath S may then be mged 

15 distally to engage die outer sui£ace of die cover 340. This wili tend to cause the cover 
to collapse about die basket, tighfly engaging the outer surface of die basket. This 
somewhat c6Ilsq>sed structure can thai be withdrawn from the patioit's channel and 
ranoved firom the padent*s body. By enclo^g the basket within the cover, the 
likelilxxKl of any fUtered ddnis withm the badcA retrieved 

20 wai gHl«fanfiglly fShmnaitmA 

The guidewire and the metal fabric can be of aiqr diaineter suitable for the 
intendedqiplicationof die vascular tcqi 250, 250' or 300. In a preferred ratbodhnent, 
die giudewire is between about 0;014* and about 0.038" in diameter and the wires of 
the metal fabric used to form the badcet (and the cover 340, if a oofm is included) are 

25 between about 0.002" and about 0.006\ The dudmess of the metal bands ^72, 274 
or 322, 324) also is desirably in die range of about 0.002"-0.006'. 

In one paiticulariy prefe r r ed embodimon mtended to be used in narrower 
vessels such as those encountered in cerdiral and coranaiy applications, die guidewire 
has an outer diameter of about 0.014" and the wires of the metal fabric are about 

30 0.002" in diameter. The metal bands in this embodimoit may also have a thickness of 
about 0.002" so that they will not be substantially wider than die collapsed bastet. 
When the device is coUqised for dqiloyment through a cadieter, it will have an outer 
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diameter of aiioat 0.018% penninii^ the 
" "t n im e nts adapted far use wib a 0.018* guidewiie. 

F«ure 16 Olnstiqtes one embodiment of a moMiitg elanau 370 which may be 
iisediBiiiakiiigaliasicBt270. AMiough the taste 320 ami cover 340 of the trap 300 
are daped somewhat diffcrentiy, an anah^oos moU^ 
portions of the tap 300 as wdl shBiay modilyii« some of 
moIdii« eiemem 370, bm iBiahimg the basic diqje and stnicto^ 
etaneuL also akmW be mrientDod that the moIdii« element 370 is meretyo^ 
possible molding element for fbimiitg a shape such as that of the basket 270 and that 
any one of a varicQr of difiisrem molding elements win be app^ 
the art, as noted above in connection with Figures IQA-C. 

Hie molding element 370 has an outer molding section 372 defiidqg a cuved 
inner smfiwe 374 and an inner molding section 376 having an outer smfece 378 
substantially die same sh!q» as the CHived inner smfece 374 of the outer moldii« 
section. Tl« inner mowing section 376 should be sized to be received withm 
molding section, with a piece of Uie metal fabric (not shown) beqg disposed between 
tbe inner and outer moldiiig sections. In a preffened embodhnent, tiie inner suifece 
374 of die outer molding etemett and tiie outer suiface 378 of flie inner molding 
section each imdude a recess (375 mid 379. respectively) for receiving an end of the 

bnid. llie molding 8uifi» of tins molding elanem 370. to which die fitoicw^ 
aenenay confionn, cai be considBred to inchide bodi Uie imier surface 374 
inoldfa<g section and tiiB outer smfece 378 of flie inner moldh« section. ^ 

In use, die two nKddmg sections 372, 376 are qiaoed apiw 
and a lengfli of a dibuhff tarid of mcial fitoic (not shown in Rgure 1® fa 
between diesemoldmg sections. Optimally, one end of die fibiic is phced in die 
recess 375 of d« outer molding section and tile oflier end of die fiflnic is phuied In die 
recess 379 in die inner moldmg section. The mner and outaa- moHmg sections can 
then be urged generally toward one anodier. As die emls of die wire approach one 
anoflier, die tubular braid wffl tend to invert upon itself and a sm&oe of die tubular 
braid will generally confbnn to either die inner surface 374 of die outer moUmg 
section or die outer surface 378 of die inner molding section, arriving at a shape 
amdogwtotliafof die basket 270 of die tiaps 250. 250'. The two molding sections 
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can them be loclffid in pkce with respect to one another and the metal fabric may be 
heal treated to stt the wires in this defonned confxgination. 

The method in aoooidance with the present invention fmther inefaides a m^hod 
of treating a jAysmlogicalcondidon of a patient In aoocndanoe with fliis medxod, a 
5 mecfical device suitable for treatiqg tibe condition, wiudi may be sntetantiaDy in 

accordance with one of fl» eaabodiments ontlined above, is selected. For exanqde, if 
a patent dncms afteriosus is to be treated, die FDA oodosicn device 80 of Kgnres 6A- 
6C can be selected Once the atyiupiiate medical device is selected, a catheter may 
be positioned widun a cfaaimel in patient's body to place die distal end of the cadteter 
iO adgaoent die deaied treatment ate, such as immediately adjacent (or even within) die 
shunt of die FDA. 

Medical devices made in accoidance with die m^hod of the invendon outlined 
above have a preset ejqianded configuration and a ooUqised configuration which allows 
the device to be passed thnm^ a catheter. Tlie esqianded configuradon is generally 

IS defined by the shqpe of the medical fabric when it is deformed to goierally conform to 
the molding sotfiaoe of the molding elonenL Heat treating the metal fabric 
substantially sets the sbapes of the wire strands in die reoriented rdative posidons 
wlm the fidnic conforms to tiie moldmg sur&ce. When the meial fabric is then 
removed from die molding dranent, the fidxric may define a medical (tevioe in its 

20 preset expancted oonfiigiuatlon. 

The medical device can be collapsed into its collapsed configuration and 
insetted into the himen of die catheter. The coUaqised configuradon of die device may 
be of any diape suitable for easy passage tiiroagji the Inmea of a catheter and proper 
dqdpyment out die distal end of the cadieter. For exaniple, the devices shown in 

25 Figures 5 may have a reilativdy dongated oollq)sed oonfigiuadon wherein the devices 
are stretched akn^ fhmr axes. This collapsed co nfi g ura tion can be achieved anply by 
stretdiing tiie device generally along its axis, e.g. by manually graqniig the damps IS 
and pulling them qnrt, wludi will tend to collapse die eoqsanded diameter portions 64 
of the device 60 inwardly toward the device's axis. Tlie FDA ocdurion device 80 of 

30 Rigures 6 also operates in much the same fashion and can be collapsed into its 

collapsed configuration for insertion into the cathet^ by s^lying tensicm genmdly 
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along the axis of the device. In this regard, these devices 60 and 80 are not unlike 
"Chinese haiidciif6% which tend to ccmstrict in diameter Bi^ 

Once the medicd device is collapsed and insetted into the catheter, it may be 
iiigedakM* the himeB of the catheter towaid the distal end of the cath^ TUsmay 
be aocoaqflished by nshig a fuidetrire or the BltB to abut agahist tto 
along the cadnter. Whenthedevicebflginstoexitthedistalaidaf the catheter, which 
hi lK»sitioned ajyacent the desired ireatmert she, tt win tend to lesiBeotty 
subslantiany entirely to its preset expanded amfiguntion. Snpereihutie aDoys, such as 
nitinol, are paiticulaily usefol m this application because of their ahili^ to readily 
tmm to a particular canfigmation after bdog dastically defbnned to a great extent 

Hence, simply uiging the medical device out of the distal end of the catbete 
PKp^y deploy the device at the treatment site. 

Ahhoogh the device wiU tend to iBsiliently return to its initial e:qxuided 
configuiadon (i.e. its shape prior to being collapsed for passage tfaiDugfa the catheter), 

it should be understood that it may not always retarnenttndy to that sh^^ Ptor 

exan^ile, the devke 60 of Rgure 5 is intended to have a maximum outer d^ 
its wqanded con%iiatioo at least as bige as and prefciab 

diameter of the hmien in which it is ID be dcptoyed. If such a devi« 

vessel faavipg a small hmien, the hmien wiO prevent die device iiom completely 

retundqgtoitsejgianded oonfiguiation. Nonetheless, the device would be pioperiy 

dqikqred because it would engage the inner waU of the hmren to seat the device 
Hbaaa, as detailed above. 

the device is to be used to peimanently occhide a channel in the patient's 
body, such as the devices 60 and 80 described above m^ be, one can sin^ay letnct 
the catheter and remove it iiom the patient's body. This wiH leave the medical device 

dq)loyed in the patient's vascuhu- system so dial it may occhide the blood vessel or 
other chamid in the patient's body, m some cfacmnstanoes, the medical device may be 
attached to a deHvay system in such a manner as to secure the device to the end of flie 
defiveiy means, such as when the threaded damp 90 shown in FiguiBs 6 and 9 are 
attached to a distal end of tiiedeliveiy means, as explained above. Beforeiemoving 
the catheter in sudi a system, it may be necessary to detach the medical device ihmi 
die ddiveiy means beforeTOTovi^tSewtheter and the delivery means! 
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The devioes of Figures 11-15 may be deployed in mttdi the same fashion 
outlined above. However, these devices 250, 250* and 300 axe advantageously 
dqrioyed for use in conjunction with another medical device and will most frequently 
be retracted from the patient's body after use. 
5 i^exanqde» any one of these devices are suitable for use in o 

balloon aqgjoplasty piooedure. In such piooeduies> catheters haviqg inflatable halkxms 
at thobr ends, refened to as balloon cadieias, are poationed within a Uood vessd so 
that ttie baUooD is positimied witiun a steooas. These balloons are poationed by 
tiackiqg the balloon cattoer akmg a guidewire ortfie like; the balloons typically have 

10 a cemial bore tfaerethxou^. Onoe the balloon is prqieriy positioned, it is inflated and . 
mges radiallty outwaidly against tiie stenosis. This will tend to squeeze tbe stenosis 
against the wdls of the vessel, inoproviiig patency of the vessel. 

When die stenosis is treated in this fashion, diough, there is a risk that scHue 
defans will break free and enter the blood flowing throu^ die vessel. If 1^ 

15 unchecked, this embolus can drift downstream and embolize a distal poition of tlie 

vessel. Dq)ending on where the embolus comes to rest, the embolization can result in 
significant tissue or organ damage. This risk is particularly acute in cardiac and 
coronary sqqilications because tte embolization can resuk in a myocardial infarction or 
heaxt attack, and in neurovascular and intervrational radicdogical procedures the 

20 anboiiaation can lead to a stroke or damage to Inain tissue. 

In order to prevent, or at least substantially limit, such embolization, a vascular 
tr^ 250, 250' or 300 of the invnition can be used with die balloon catheter. The 
device should be sized to permit it to be passed through the hunen of the paxticubr 
balloon cath^r to be used in the angioplasty. 

25 In one mbodunent of a metiiod for usii^ sudi a vascubr usp, the trq> is 

dqdoyed first. The basket (ZJO or 320) of the nap will be guided to a position located 
downstream of die derired treatment site through an introduction catheter (e.g. the 
cattaoer C in Figures 12-15). Hie baskd is tiffin urged distally beyond the end of the 
cathetn, which will permit the basket to resUientiy substantially return to its eTqianded 

30 configuration from its coIhq>s6d configuration within the catheter. Once the tnq> is in 
phice, the balloon catheter can be ^cdianged for the introduction catheter, and the 
balloon catheter can track the guidewire (260 or 310) of the vascular trq). The 
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baliooD on then be poshioned within the aeaosis and expanded, as outlined above. 
Once the angk^ibsty has been completed, the bato 
withdiawa praodmally out of the pntiatit 

In an aliemtivB etnbodimeot of the presem meth^ 
5 •»d»Pofennthesamefunctkmaspei*Bii^ 

pieoedfaigembodfanent. In tUs enibodfanent, the balIo(m cattbeter is posWoned in the 
palient-8 VBssd so that the distal end of the baDoon catheter is 1^ 
thesteoosis. IIb vascular tiap (250, 250' or 300) of the invention is then passed 
through the himeo of the baDood catheter and the baato is mged o« of the disn^ 
10 of the catheter. The basket wiU lesiliBntly subslantfadly letmn to i^ 

taqwided configuiatioo. whcbeiqion the balloon catheter can be ittiacted along the 

shaft erf the device's guidewire until the baBoon is pn^y posIA^ 
steoosis. 

If so desired, the bafloon catheter can instead be pixwided with a ha^gth of 
staadardcatheterexlcodh«distallybeyondthedistalendofthebalto^ TtebaHoon 
can then be positioned withui the steoosis and the badcBt can be ^ 
end of the distal eaosian of the catheter. Insuchanenibodnnent, thelei«thofthe 
distal extension of the balheter should be sufikient to pn^ 

to the bdlopn when a» huto exits the distal end of d» ca^ 
dfanhude the need to pedunn the separate stt3> of «,actfa« 

withm the stenosis after the basket is dqdqyed. Ihe balloon can then be expanded, 
deflated and withdrawn as Hwaaibed above. 

Much the sanie prooeduiB can be used ID deifloy a vascular trap of the inv^^ 
for use in an atherectomy procedme. In such procedures, a cutth« head is positioned 
at the distal end of an etoi«ate. hoBow shaft and the cuttmg head has 
thereammgh. ^ tnq. can be dejtfoyed in either of the methods ontftied above, but it 
is anticipated th« in most instances the first piooeduie wiU be used, i.^ 

be dq)toyed with an introduction catheter, which win be removed 80 that the 
device can be guided over the guidewire of the vascuhtr trap, ft shouU also be 
understood that the device 250. 250' and 300 could also be used in other medical 
procedures in other bodily channels besides a patient's vascubr system. 
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Since the trap is posidoned downstream of the stenosis, any detiris released 
during the procedure will tend to drift distaOy towaid die basket and be caugjtt therein. 
In Older to prevoit any eoiboli firom shnply floatii^ past Oe t^ 
the pnndmal Hp ^88 or 328) of the basket be at least as laige as the hunoi of the 
5 vessel. In a pj e feired embocBment, tte natural dimension of flie proodmal ly fi-^. 

where the badset has fully returned to its caqMmded canfigmatton) is somewhat greats 
than the vessd's inner diam&ex so that the basket will finnly engage the wall of the 
vessel. 

The method of rettactii^ die basket will dqiend on which embodnneot of the 

10' vascular tap is used, namety whethn* or not the device includes a cover 340. The 
device 250 or 250' of Figures 11 or 12, respectively, do not inchide sudi a cover. 
However, they do indude tethers 290 which extend pnDdmaDy from the proximal lip 
288 of the basket to an attacfamoit to the guidewire. In either of tiiese embodiments, a 
retrieval catheter can be introduced over Oie guidewire and urged di^y toward the 

15 basket. As explained above in connecticm with Hgures 11 and 12, diis will teiul to 
dra.w tiie tedieis down toward die guHtewire, effectively closing the proximal end of 
the basket 270. Once the basket is sufiidently dosed, such as when the proximal hp 
of the basket engages die distal tq> of die r^rieval catheter, the catheter and the 
vascular trap can be retracted togedier from the petiait's body. By substantially 

20 closing the proximal cod of the basket in sudi a fashion, any emboli which are 

capbaied in the bask^ when it is dq[iloyed can be retained within the basket undl it is 
ronoved from the patient's body. 

If so desired, a baUoon cadmter or like device can.instead be used, with tlie 
baUoon cathetra- being used to draw down the tethers 290 and colb^ die basket. The 

25 vascular trq> can then be wididrawn with die balloon cadieter rather dum having to 
sqsaratdy introduce a removal catheter to rranove the trap. 

In wididrawing the endxxfiment illustrated in Figures 13-15, the cover 340 is 
positioned over die proximal Iqi of tte basket before tiie vascular tr^ 300 is retracted. 
Once the medical procedure is conqvleted and any debris has been cqstured in the 

30 basifeet, die cov^ 340 is allowed to realiendy substantially return to its eoqianded 
configuration. Once it is deployed pniximally of the basket, the basket 320 can be 
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town proxiinany towaid tiie com 340 until tt 
com-, as noted above in connecdon with Figure IS. 

In actuality, the cover 340 may be unaUe to laum to its fWl fflqand^ 
confignntionduetothBctmfinesflfthevessdinwhichkfc Aseiqiiained 
pswously. the cover 340 is desnabty kiger than the basket 320 so 
be iBcdved withm the cover. However, the iMsket is qithnafly sia^ 
walb of flie vessel to pievem the imwanled 

the edges of the badoBt. Acooidhigly, the distal lip 358 of the cover wiUeiW the 
wall of the channel befMB it expands to its fiiD size. He waUs of most bodily 
chanmds. such as blood vessds, tend to be somewhat elastic, thongt 7l»cover340 
win therefore tend to uige harder agamst the wa]l,af the vessd tian the nialler basket 
and may stretch the vessel a little bit mine than wiB flie,baste. In this^&diion. the 
cover may stiU be able to expand to a pension laige enough to permit the basin to 
be received in the cavity 356 of the cover. If not, the distal ly 358 of the cover can 

singly be brought into dose efigagement with the pioxmial % 32^ 
general^ sisaltiie basloet. 

Once the cover 340 is bnwgfat hno engagement with the basket 320, whether by 
receivmg the basket wilfahi flte cover or, less preferably, by engaging the lips 358, 328 
of the cover and the basket, the device can be-withtown prorimaHy fiom the patient's 
vascular system, Hk cover win tend to prevem any emboU caught in the basket 
during dqdcqrmem ihmi bdiig inadvenenfly lost dmii^ withdrawal. 

11» vascufar tnqis 250, 250' and 300 of the presem invention therefore have 
distmct advamages over other vascuhfftnqjs or fihers cunemly known m As 
explamed above, most piior art traps are difificuft and oqw^ 
wufflyconapsed for retrieval. Tl* present imiention. though, provides a mediod for 
making the vascular tmps 250. 250' and 300 which is both ndativBiy ims^ 
less labor intensive, genendly resulthig m a more consistent piDduct than prior art 
hand-foimmg methods. Fttrthermore, the structure of the device and the methods 
outlined above for removing the device wiU feiriy reliably pievent the inadvertent 
dumping of trapped emboU back into the bloodstream whOe the device is bemg 
removed. Since most prior art traps and filters are much more difficult to use and are 
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more likely to dump fiheied debiis back into the bloodstream, the presem invention 
can be substantially safer than these piior.ait systems. 

While a prefened embodiment of the presem invention has been descnbed, it 
shmild be undeistood that varioos donges, adaptations and modifications may be made 
5 therein wiBKWt dcpaitins fiPM the apirit of to 
claims* 
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VfHAT IS CLAIMED IS: 

1. A tap for trapping larticulateina^ 
of a patiert's body, conqjrisiiig a guidewiiB ha^ 
tbe guidewiiB adjaoeitt said dislal end; the basket bd^ 
mateiial fiom Add passing thaetfaioflgli ai^ 

seoond ends, at kast one end of the fidnic being adaptel to 
the inetal Mifc hawiig a aiDqised COTfigun^ 

5W*d film one another a fiist distance along die gddewiiB and th^ 
to diameter, and an eqianded configuiation wherein the fim and sea^ 
spaced a seaad, dMiter distance aking die giridewiiB and die ^ 
SBDood diameter, die to diameter beiflg less than the second diameto 

2. AtnpiwtnppiiigpaidcitfatemataialentnunBdinafliiidwidiinac^ 
of a patient's bocty, convriaing a gtddewiie having a distal ae^ 

the meial fidnic hawng a to end canied by the dislal segment and a ae«^ 
saidabte ata« the gmdewire, fl« metal fiflrfc being di^ 
of the gnidewiie when die second emi is ap«rf pK^^ 

extending geneafly ootwaidly of die gmdwrae when die secmd «^ 
to end to define a paitidb4c^i^ng scfeea. 

3. TTttto¥0fdaim2wbeieindietoendisafii«dtoflieguidewiiB^ 

4. 'nK«rapofchdm2whetBindie nietaIfia)ricisiBsiIi^ 

wiD tesilieafly slide toward fl« to cad to define fl« paitide ^ 
fidnie is not oonstiained. 

5. Il»te9> of claim 2 wherein a to lengflj of die metal fidHic extending 
proxiinany ftom dte to end defines a distal suifi«» of die scr^ 

of die metal fiWc crtending distalty fiom die second end of die Mric defines a 
pnndmal smfioe of the screen. 

6. ll»trapofclaim5wheremdiescreenisgeneranydome-sh;5)edanddie 
second iMgdi 0f die fiteic is received widm d« to lengdi of die fiM 

7. The tap of daim 5 wherein a central portion of die metal fiifaric defines a 
praximaDy-fodng lip of the screen. 

J^Ttett8p_oLdaim.2.fiiidier-con9ii^ 


to die giiidewire, die tedwr bdag attached at one end to die gnidewire. 


W09M>]S91 


PCT/US95/08613 


-45- 

9. Hie trap f daim 8 wherein the soeea has a pexipheiy, tiie tether 
coixq>riaiig a wire attached at eadi end to the guidewire and extending about the 
peiqifaery of the aereen such Oat fitoi Oe tedier is drawn in^ 

gnidewire it win act as a drawstziqg to oolla^ die penphery of the screen toward die 
S gnidewire* 

10. lliettBpof daim 2 further oonqnising a cover f 

Ae cover beiog sBdable doQg die guidewire from a fiist position spaced of 
die screen towaid a second poa ti on a i Qaoent die sc re e n . 

11. The trap of daim 10 ^Aerein die cover has two ends, die cover beiiig 
10 <Bi!]wwftf fl^yrf!*^ die outer snr&oe of die gindewire ixten one end is s p aced 

praadmaDy of die odier end and esdendutg generally outwardly of the guidewire to a 
dnuneter at least as great as an outer diameter of the screen «di^ 
is slid nearer die odier end. 

12. llie tfi^ of ciaim 10 wfaereb die screen is generaUy dome-flfaq^ 

IS indudesaprogdmal^-feciiglq>t tlie cover in an eatpandedeonggnratiop defining a 
recess sized to receive die Up of die screen. 

13. Tlie trap of daim 12 wlieretn tiie screen has an outer 4*^*"^*^ and die 
cover has an inner diameter greater than the outer diametpr of the screen. 

14. A mediod of trappng particulate material entrained in a fluid within a 
20 channel of a patienfs body, oompriaiig: 

a) providing a metal fabric having a collapsed configuration whemn it has a 
first diameter and an eoqpanded configuration wherein it has a second, greater diameter 
and defines a pranmany-fecing partide-receiving cavity; 

b) colkqismg the metal fidbxic into its colls^ised configuration and urging the 
25 metal £abnc akmg said cfaannd to a dqdqyment ate; 

c) peimittii^ the metal fi^bric to reafiendy sobstantiaUy return to its es^^ 
configuration; 

d) allowing the fluid to flow through the metal £abnc to trap a poition of the 
particulate material in die cavity; 

30 e) at least partially closing the metal fabric lo retain die trqyped particulate 

material is retained widiin a dosed cavity; and 
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f) MtoctmgtbeiMlalfiairic along the chamid with ^ 
retained widun the «"ngpi;aH caviar. 

15. The mediod of daim 14 wberein the metal fsdiik m ^ 
o nnngi i n iri nn is mged akng a catheter positioaed wiliiin a tomea of the duamd. 

16. llieiBelhod of daim 15 whereto the toifciaaltosi«d to antai^^ 
return to its c^BiidBd cooflgmaiioQ by losing the to^ 


17. The method of daiaa 14 wherein the metdfithrieiadoarfhyn.;^ 
cover into engaganert with a disid |K«loB of fl^ 

m^tedd within die cavity. 

18. The method ql| cbit^ 

iiitdier oominismg the «g» of coDqwii^^t^ a»w<^ the dannd 

to apositian qaced proxtniany of the metal fihiic, aid dioiidqg the cmnr to 
redlienfly sdjaamidly retiim to its expanded coofi^^ 
into engagement widi die metd fibiic. 

19. Themediodofddm Wwhfflrin dKnuad fianic^M 

and atfcast owtdher e«ends finra ^ of die fehric proamdiy to 

the gddewire, wbereia die metd &bnc is dosed by urging die tether down toward die 
giddewiie to diaw die % of die inetal fita^ 

20. llKBidhodofddmWwh^dieldhpris iBgedtowarf 
by uiBii« a ahedh distdly doojf die gddeiipB towaid the m^ 
having an hmiea smaller dian die lip of die ifetd fihiic. 
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